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LIFE AREAS OF CALIFORNIA 


BY 


FRANK STEPHENS 


Most people who have ascended mountains, on business or for 
pleasure, have noticed that there was a gradual change in the trees 
and other vegetation as height was gained, and some see that there is 
a system in this change. At a certain height in one mountain occurs 
a combination of trees, shrubs, plants, birds, insects and mammals, 
which combination is repeated in a general way on other mountains 
at a similar altitude, modified by local causes, such as soil, angle or 
direction of slope, nearness or remoteness of large bodies of water, 
height above base level and other conditions. Going higher, a change 
in the birds, trees, etc., occurs through the gradual disappearance of 
some species and the substitution of others until a new combination is 
formed. A similar combination is repeated in other mountains of the 
region in about the same order. Local causes modify these repetitions 
more or less, but the general similarity is sufficient to force the close 
observer to the conclusion that they are controlled by general natural 
laws. Within a few years much study has been given to the elucida- 
tion of these natural laws, and I will attempt to summarize some of 
the results of these investigations in California. 

The causes controlling the geographical distribution of life are 
many, the most important being temperature, moisture, soil and light. 
We are accustomed to sum up three of these leading causes in the 
word climate. 

The most important single cause of the varied distribution of life 
is heat: its quantity and daily and yearly range over a given area. 
Other conditions being equal, the warmer the climate of a locality 1s, 
the more luxuriant and varied its forms of life will be. A great 
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yearly or daily range of temperature unfavorably affects the life of an 
area by weeding out the forms most sensitive to such changes, on the 
principle of the “survival of the fittest’. 

The heat of a locality is affected by its latitude, altitude, direction 
of the prevailing winds, height above base level and slope exposure. 
Increase of latitude and altitude produce similar climatic effects, the 
higher area having a similar climate to that of the lower area 
situated a certain distance further from the equator. In other words, 
a traveler passing from the tropics toward the poles at sea level finds 
the climate steadily becoming colder; in climbing a mountain the 
same change is observed. 

If the area of high altitude is great it is warmer than a small 
similar area at the same height and latitude, for the reason that the 
greater area conserves the greater amount of heat as daily received 
from the sun. It sometimes happens that the base level on one 
side of a mountain range is higher than that on the other side; in 
this case the higher level tends to raise the temperature and therefore 
the lige zones on that side. A good illustration is the Himalaya 
Mountain range. The plain on the south side is several thousand 
feet higher than the plateau on the north side; in consequence of 
this difference of base level on the two sides the timber line and 
snow line are about three thousand feet higher on the north than on 
the south side. This is in direct opposition to the effect of latitude 
which would tend to lower the snow line on the north side. The 
Sierra Nevada Mountains are another illustration. The plateau on 
the eastern side is from three to four thousand feet higher than 
the San Joaquin and Sacramento valleys on the west side, and in 
consequence all the life zones are higher on the east side than on 
the west. 

Slope exposure is another disturbing cause. A slope directly fac- 
ing the sun is warmer than one facing away from it. This is very 
noticeable in many canyons running east and west in semi-arid parts 
of California, in which case thetimber will be found growing con- 
siderably lower down on the side receiving the least amount of direct 
sunshine. 

Prevailing winds coming directly from large bodies of water tend 
to cool the region contiguous and therefore lower the life zones. 

The next most important agent in the distribution of life is mois- 
ture. The greater or lesser amount of moisture present in air and 
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soil strongly affects the vegetable growth of a locality; as animal 
life of a locality is practically dependent on the vegetation it is in that 
way affected by the proportion of moisture present. The amount of 
moisture of a region is regulated by its distance from large bodies of 
water, the direction of the prevailing air currents, and the height of 
intervening obstacles, such as mountain ranges. Most of the mois- 
ture present in the air originates in the evaporation of seas and other 
large bodies of water. The moisture laden air moving inland when 
cooled is unable to hold up all its moisture, which falls as rain. A 
high range of mountains will greatly cool the air currents passing 
over it and the heavy rainfall or snowfall resulting may abstract so 
much of the moisture from the air, that little is left for the region 
beyond the mountains, which thus becomes arid. The region of 
the Colorado and Mojave Deserts and the greater part of Nevada is 
an illustration of the drying influence which the Sierra Nevada Moun- 
tains exert on the air currents passing over them. 

The quality of the soil is another factor in the quantity and 
character of the plant and animal life of a region. The carnivorous 
pecies of animals of a region subsist on the herbivorous species; 
these subsist on the leaves, stems, seeds or root of plants which 
draw their nourishment from the soil; therefore a richer or poorer 
soil has a considerable direct influence on such apparently remotely 
connected beings as the foxes or hawks that live in a region. 

Dr. C. Hart Merriman has formulated certain laws of the distri- 
bution of life which appear to be based on sound reasoning from a 
sufficient mass of observed facts to assure their correctness. 

“The northward distribution of animals and plants is determined by 
the total amount of heat—the sum of effective temperatures. 

The southward distribution of Boreal, Transition zone, and Upper 
Austral species is determined by the mean temperature of the hottest 
part of the year.” 

If the North Temperate Realm was composed of sea and level 
land only, its life zones would nearly follow parallels of latitude 
around the northern hemisphere, deflected here and there by the 
effects of warm or cold ocean currents on the shores they wash. 
The presence of mountain ranges breaks up such uniformity of clim- 
ate and renders the definition of life zones very difficult, nowhere 
more so than in California, where, in many mountains, island-like 
areas are detached from the main bodies of their zones or Yong 


4 


points project, or narrow bands curve to follow the sinuosities of 
the mountain sides. The peculiar topography of this state produces 
a variety of life zones which is probably equaled by no other similar 
area elsewhere. Bordered as California by the sea; traversed its 
whole length by a mountain range, in places carrying perpetual snow ; 
possessing considerable areas lying below sea level; having a range 
of annual rainfall varying from 80 inches in the northwestern part 
of the State to 3 or 4 in the southeastern part, it offers the student 
of climatology and of the distribution of life facilities unsurpassed 
in any civilized country, and problems unknown in most other parts 
of the world. 

Long ago geographers divided the earth’s surface into five zones, 
giving them definite boundaries ef certain parallels of latitude 
founded on astronomical considerations. Biologists have also divided 
the earth’s surface into life zones and other divisions. These divi- 
sions seldom have very definite boundaries, but blend into one another. 

For my present purpose I shall follow the division of the northern 
hemisphere into three Life Realms, as follows: The Arctic Life 
Realm, surrounding the north pole and passing southward to the 
northern limit of trees, or about the annual isotherm of 32 degrees; 
the North Temperate Life Realm; extending southward from the 
Arctic Life Realm to about the annual isotlierm of 70 degrees; and 
a Tropical Life Realm. These Life Realms are subdivided into Life 
Zones as follows: An Arctic Life Zone, consisting of all the Arctic 
Life Realm; a Boreal Life Zone consisting of the upper or northern 
part of the North Temperate Life Realm south to about the summer 
isotherm of 63 degrees; a Transition Life Zone, consisting of that 
part of the same Realm bounded above or on the north by the 
summer isotherm of 63 degrees, and below or south by the summer 
isotherm of 70 degrees; an Upper Austral Life Zone lying between 
the summer isotherms of 70 degrees and 77 degrees; a Lower Austral 
Life Zone consisting of the remainder of the North Temperate Life 
Realm; and a Sub-Tropical Life Zone consisting of the northern 
part of the Tropical Life Realm. This covers but a small area in 
southeastern California. That part of the Arctic Life Zone in Cal- 
ifornia is still smaller, consisting of a few small isolated areas on the 
highest mountain summits. 

The distribution of life being affected also by the greater or less 
average amount of moisture present in a given area, and as this 


5 


average amount of moisture varies in portions of each life zone it 
follows that the distribution of life is not equal throughout a life 
zone. To give expression to the effects of the varying amounts of 
moisture in life realms and life zones they are divided in sections 
of variable size called regions, sub-regions and provinces. ‘That part 
of the North Temperate Life Realm on this continent is known as 
the North American Region. That part of this region in western 
North America having a small annual rainfall is known as the 
Arid Sub-Region, and the part near the sea having a large rainfall is 
the Pacific Coast Sub-Region. The Arid Sub-Region has been 
divided into two provinces: the Sonoran Province .consisting of that 
part in the Lower Austral and Sub-Tropical Zones; and the Campes- 
trian, consisting of that part in the Upper Austral and ‘Transition 
Zones. 

I propose further subdividing the life areas of California into 
Faunas, to consist of areas of nearly equal temperature, moisture 
and soii, and the therefore a nearly homogeneous local assemblage 
of life forms. ‘hese will not be equal in either size or value, and 
are intended only to facilitate the study of distribution of species in 
California. The boundaries of Life Zones and Faunas as indicated 
on the accompanying map are only provisional; further study will 
necessitate numerous changes. 

The Californian Arctic Fauna is that part of the Arctic Life Zone 
in California. A few species of plants constitute the only peculiarly 
Arctic life in California, as the areas are so small that animal life of 
strictly Arctic species has disappeared, with the possible exception of 
insects. 

The Boreal Zone is forested nearly throughout its extent in Cali- 
fornia. ‘The principal forest trees are the Foxtail Pine, White-barked 
Pine, Mountain Pine, Tamarack Pine, and Red Fir. The Californian 
mamiuals peculiar to this zone are the Gray-headed Pika, Mountain 
Beaver, Yellow-bellied Marmot, Belding Ground Squirrel, Alpine, 
Sierra Nevada and Alpine Chipmunks, Californian Pine Squirrel, 
Black Fox, Wolverine, Pine Marten and Ermine. Some of the birds 
breeding principally or exclusively in this zone are Sooty Grouse, 
White-headed Woodpecker, Williamson Woodpecker, Western Night- 
hawk, Calliope Hummingbird, Olive-sided Flycatcher Gray-eared 
Finch, White-crowned Sparrow, Lincoln Sparrow, Thick-billed Spar- 
row, Green-tailed Towhee, Audubon Warbler and Black-throated Gray 
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Warbler. The Californian part of the Boreal Zone may be called the 
Californian Alpine Fauna. 

The Transition Zone is of considerable extent in northern Cali- 
fornia, but is of less extent in the southern part of the state, where it 
is limited to the sides and upper parts of the mountains, except that 
small part rising above about 7,000 feet altitude, which is Boreal. 
In most parts of the state the Transition Zone is well timbered, and 
is the great source of supply of wood and lumber in this state. The 
Yellow, Black and Sugar Pines, White Fir, Cedar and Redwood are 
characteristic of this zone. It contains a large number of species of 
birds and mammals, though few, perhaps none, are limited to it, 
nearly all its species being found in the adjoining zones, either above 
or below. Some of the birds breeding principally in it are the Cali- 
fornian Woodpecker, Blue-fronted Jay, Californian Purple Finch, 
Violet-green Swallow and Mountain Chickadee. 

The Transition zone in California may be divided into several 
Faunas. The northeast part of the state, north of Honey Lake and 
east of Mt. Shasta, may be called the Modoc Fauna. It is a high 
broken plateau with some coniferous timber on the highest parts. 
A character of this Fauna is the abundant presence of sage brush 
(Artemesia). South of the Modoc Fauna is a large area of the 
Transition Zone in the lower parts of the Sierra Nevada Mountains 
which may be called the Sierra Nevada Fauna. It is mostly well 
timbered, with Yellow Pine as the principal species. Those areas of 
the Transition Zone lying south of Lat. 35 degrees may appropriately 
take the name of the San Bernardino Fauna. Here also the Yellow 
Pine is a characteristic tree. The region about Mt. Shasta, north to 
Oregon and west to the low strip along the sea coast may provision- 
ally take the name of the Shasta Fauna until its features are better 
known. I know nothing of this fauna personally and I can find 
very little published concerning its faunal conditions. A narrow 
strip along the seacoast from the Oregon line south to San Francisco 
may be called the Humboldt Fauna. This is a region of heavy rain- 
fall and fogs, and a strong character is the presence of heavy red- 
wood forests. A continuance of this narrow strip along the coast 
southward, including the Santa Cruz Mountains, and ending a short 
distance south of Point Sur, may take the name of the Santa Cruz 
Fauna. .It presents similar characters to that of the Humboldt Fauna, 
but in a less marked degree. 
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The Upper Austral Zone lies next below or south of the Transi- 
tion Zone. in many parts of the Upper Austral Zone a thick growth 
of several species of shrubs, collectively known as chapparral or 
chemisal, covers the hills. Forests are few and west of the Sierras 
are composed mostly of oaks, which east of the Sierras are replaced 
by Pinens and Junipers. The Gray-leafed Pine is common in this 
Zone in some places within the drainage of the San Joaquin and 
Sacramento valleys. The most characteristic mammals of the Upper 
Austral Zone are Pocket rats, two genera and several species, Pocket 
Mice of several species, Californian Grasshopper Mice, Striped 
Skunk, Gray and Island Foxes. The following species of birds find 
their upper or northern limits in this zone, Nuttall Woodpecker, 
Costa Hummingbird, Yellow-billed Magpie, Nelson Oriole, Law- 
rence Goldfinch, Black-throated Sparrow, Long-tailed Chat, Califor- 
nian Thrasher and Black-tailed Gnatcatcher. 

That part of the Upper Austral Zone lying on the west side of the 
Sierra Nevada Mountains, consisting of a long narrow strip along 
the sides of the lower parts of the mountains, may be called the 
Foothill Fauna. A broken region of moderate extent, bounded on 
the west by the Humboldt Fauna, on the north by the Shasta Fauna, 
on the east and south by the Sacramento Valley, may be called the 
Clear Lake Fauna. The region bounded on the west and southwest 
by the Santa Cruz Fauna and the Pacific Ocean, on the southeast by 
the Santa Ynez Mountains and on the northeast by the San Joaquin 
Valley may be called the San Luis Obispo Fauna. All the islands 
lying off the Southern California coast may be grouped together 
under the name of the Island Fauna. That part of the Upper Austral 
Zone south of the San Luis Obispo Fauna, and the Mojave Desert 
and west of the Colorado Desert may be called the San Jacinto 
Fauna. 

‘he Lower Austral Zone includes most of the Mojave Desert, the 
San Joaquin and Sacramento valleys, and a strip along the coast from 
Santa Barbara to San Diego and southward. Over much of this 
area cactuses form a characteristic part of the vegetation. But few 
trees occur and these are found mostly along streams and in damp 
land. Much of this zone is very arid. Shrews are nearly wanting 
in this zone. Several species of bats find their northern limit in it, 
as do several species of ground squirrels. No species of tree squirrels 
or chipmunks (genera Sciuwrus and Eutamias) occur. Several species 
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of pocket rats and pocket mice and the Big-eared Fox are peculiar 
to this zone, the Gambel Partridge, ‘Scott Oriole, Leconte Thrasher, 
Crissal Thrasher, Yellow-headed Tit and Plumbeous Gnatcatcher. 

The large valley known as the Sacramento Valley (northern part), 
and San Joaquin Valley (southern part) may be called the Sacra- 
mento Fauna. ‘The comparatively small area of Lower Austral 
Zone in the southwestern part of the, state may be called the San 
Diego Fauna. In the eastern part of the state is a large area of arid 
plain, studded with small barren mountains, known as the Mojave 
Desert. It 1s principally Lower Austral Zone, but has a few tracts 
sufficiently elevated to reach the Upper Austral and a few very small 
areas of Transition Zone. This area north of the low Colorado 
Desert and west of the bottom lands of the Colorado River may be 
called the Mojave Fauna. 

The Sub-Tropical Zone in California is confined to the bottom 
land along the Colorado River and west in the Colorado Desert, 
which is properly a part of the same bottom lands. Among the 
birds which do not breed above this zone and are found in this 
part of California are the Harris Hawk, probably the Audubon Cara- 
cara, Elf Owl, Vermillion Flycatcher, Abert Towhee and Cooper 
Tanager. ‘This part of the Sub-Tropical Zone may be called the 
Colorado Valley Fauna. 


AN ADDRESS 


Before the San Diego Academy of Natural Sciences, on the Books Relating to 
Geology, Mineral Resources and Palwontology of California. 


BY 


ANTHONY W. VOGDES 


In the early days the Science of Geology formed a part of Miner- 
alogy, and subsequently, Physical Geology. The earliest writer to dig- 
nify the science was Dr. Saussure, in the year 1778. This great ex- 
plorer of the Alps was the first to adopt a name for the science of Ge- 
ology, instead of the old name of Cosmology. 

The earliest account of the Geology of California, was that given 
by the Rev. William Buckland, in Beechey’s Narration of a Voyage to 
the Pacific and Behring’s Strait, in 1831. Dr. Buckland was born in 
Devonshire in 1784, and for many years held the chair of Geology at 
the University of Oxford. He was the founder of the museum of Ge- 
ology of that University, ard one of the founders of the Science of 
Geology. In the Volume on the Zoology, Dr. Buckland gives several 
references to the geology of the vicinity of San Francnsco Bay, pre- 
pared from notes and collections of Lieut. Belcher, with a map of the 
headlands embracing San Francisco Bay. ‘This early map indicates the 
several formations. Serpentine, sandstone, and jasper rocks are rep- 
resented. 

In the Geology of the Bay of San Francisco he gives an account 
of the Geology of San Francisco,—with notes of the earthquakes in 
1806, also that of 1827. 

In the report of the Exploring Expedition to the Rocky Moun- 
tains in 1842, Captain Fremont gives a few geological notes on Calli- 
fornia, 

There are also notes regarding the geology of California in Em- 
ory’s Reconnaissance from Fort Leavenworth, to San Diego, Califor- 
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nia, and in the report of Col. Cook’s march from Santa Fe to San 
Diego, published in 1848. 

In the U. S. Exploring Expedition, Vol. X, Geology, Prof. 
James D. Dana gives an account of the Geology of Shasta Mountains, 
also that of San Francisco Bay, with a description of the fossils of 
Astoria, Oregon, many of which are common to the Palaeontology of 
California. 

Only 200 copies of this volume with its Atlas were published and 
it is one of the rarest works of California Geology. 

During the year 1848-49, other expeditions and journals gave a 
few topographical and Geological notes; such as Capt. Johnson’s ex- 
pedition from Santa Fe to San Diego,—and Col Cooke’s march of the 
Mormon Battalion. 

With the discovery of gold in 1848, numerous notices appeared. 
The most important Reports were those by Dr. Tyson: Information in 
Relation to the Geology of California, Washington, 1850. This work 
contains articles on the Geology of the Sierra Nevada Mountains, also 
that ofthe Coast Range, with the geological structure of the Sacra- 
mento Valley; Gold regions of the Sierra Nevada,—the quicksilver 
mines, etc. 

This work was republished with an introduction and an index, at 
Baltimore, in 1851. 

The most important official document published at this date was 
the report of the Secretary of War, Part 2. 

It contains a topographical memoir, with map of the Sacramento 
Valley, by Lieut. G. H. Derby, pp. 2-16, with Warner’s reconnoissance 
of a route through the Sierra Nevada by the upper Sacramento, pp. 
16-34. 

Exploration of Monte Diablo, etc., by Lieut. Williamson. 

The reports of the Secretary of War, 1850, contain an account of 
boring near Benicia, by Major Vinton, pp. 278-279. 

T. Butler King’s report on California, 1850, gives an account of 
the Geology of the Gold Regions. 

House Doc. No. 17, 31st Congress, 1850, contains a letter from 
Col. Mason. This letter is the first official report on the discovery of 
gold in California. He gives a description of the country along the 
American river, and an historical account of the mining regions, also 
a description of the San Jose quicksilver mines. In the same docu- 
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ment there is an account of a tour made to the gold regions by Gen. 
Riley, pp. 785-792. 

In 1857, Dr. James Hall, in the U. S. and Mexican Boundary 
Survey, gave a short description of the geology of Southern Califor- 
nia, with a section of lignite bluff near San Diego. 

Captain Aubrey, gives some notes of the route through the gold 
country on the head waters of the San Juan, Salinas, etc., in notes on 
route from near Tejon Pass, through Western New Mexico, and the 
Colorado to Santa Fe, in the fall of 1853. 

In the publication of the Navy Department, House of Rep., Doc. 
206, 42nd Congress, 1872, there is a report on the Mount Diablo coal 
mines of California, by B. F. Isherwood. 

In the reports of Explorations and Survey for a railroad from the 
Mississippi to the Pacific, Volumes 3, 5, 6 and 7, contain geological in- 
formation of California. Vol. 3, contains Jules Marcou’s reports of 
routes explored near the parallel of 35 deg. North Latitude, with notes 
of geology of Los Angeles. 

Vol. V, contains general observations upon the geology of the 
route, 35 and 32 parallels—Geological reports by Wm. P. Blake. 

Chapter 1—San Francisco to San.Joaquin River—Chapters 2 and 
3, Fort Miller to Ocoya Creek, etc.; also chapters on the vicinity of 
Tejon, Mojave River, Los Angeles, San Bernardino, Colorado Desert, 
Warner’s, Fort Yuma, San Francisco Bay, etc. 

Prof. Louis Agassiz, describes and figures the fossil fish of Ocoya 
Creek, and Conrad, the fossil shells, including those from San Diego, 
and Monterey County, Colorado Desert, etc. 

Vol. 6, contains reports by John S. Newberry, on the geology of 
San Francisco, Sacramento Valley, Western range of Sierra Nevada, 
also that of Pitt River and Klamath Basin. The Tertiary fossils col- 
lected were described by T. A. Conrad, from Santa Clara, Monterey 
County, Santa Barbara, etc. 

Vol. 7, contains geological reports by Thomas Antisell—Geology 
of the Coast Range, also geology of the district from San Diego to 
Fort Yuma, etc. 

Reports on Palaeontology, by T. A. Conrad—The fossil shells 
collected in California, by Wm. P. Blake, were also published in a 
pamphlet in 1855; also in final report in Vol. 1 of the Pacific R. R. 
Survey. 

In the reports of the Mineral resources of the States and Terri- 
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tories west of the Mississippi, by J. Ross Brown and James W Taylor. 

There are many notes on geological formation of the Pacific 
Coast, with resources in Gold, Copper, Quicksilver, etc. In that for 
1867, there is an annotated catalogue of the minerals by Wm. P. Blake. 

The report for 1868, contains a geographical and physical sketch 
of Lower California, by W. M. Gabb. 

The reports for 1869-1875, by R. W. Raymond, contains many 
articles on minerals with a Geological map of the U. S., with several 
articles by A. W. Bowman, on Plieocene rivers, Geology of Plumas 
County, by J. A. Edman. 

Petroleum in California, by F. A. Clark, ete. 

The report of U. 5S. Mint for 1880-1900, contains statistics of the 
production of the precious metals. 

The report of U. S. Coast survey for 1855, contains Observations 
on Geology of the Coast of California, from Bodega Bay to San Diego, 
by W. P. Blake. 

The toth U. S. Census, Vol. VI, Part 2, contains a general de- 
scription of the geology of California, with reports on building stones 
of U. S., by Geo. P. Merrill, in Vol. X, 1884. 

Notes on Iron Ore collected west of the 100 Meridian, by Bayard 
T. Butman, Vol. XV, 1886. 

In the tith U. S. Census Report, there are special reports on 
Gold, Silver, Quicksilver, Coal, Petroleum, etc. 

In Lieut. George W. Wheeler's survey west of the 100 Meridian, 
Jules Marcou, has a special report on the geology of a portion of 
Southern California—Rep. of Chief of Engs., 1876, Appendix H. 

The geological and mineralogical character of Southern Califor- 
nia and adjacent regions are reported on by Oscar Loew—Appendix 
H?®, pp. 393-419, Geology of the mountain ranges from La Veta pass 
to head of Pecos, by A. R. Conklin. 

In the preliminary report of Explorations in Nevada and Arizona 
in 1872, there are a few notes on the mining districts of California. 

The report of 1877 contains a geological report on a portion of 
Eastern California, area examined, bounded on the north by Truckee 
and Washoe City, on the east by Mount Davidson range, and Como 
Mountains, and on the south by Job’s Peak and Pyramid Peak, on the 
west by Truckee River. 

In Hayden's Geological Survey, the r2th Report is the only one 
containing notes of California. Dr. White, described a Productus 
giganteus Martin, from McCloud’s River. 
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In the contributions of the fossil Flora of the Western Territories, 
Leo Lesquereux describes several California fossil plants. 

The Monographs, Statistical Papers, Annual Reports, and Bulle- 
tins of the U. S. Geological Survey, contain many papers on the Geol- 
ogy and Palaeontology and mineral resources of California. 

The most important are those of J. S. Diller, on the Geology of 
Lassen Peak. The Quicksilver Deposits of the Pacific Slope, by 
George F. Becker. 

Dr. White’s papers on the Palaeontology of California in the 
Bulletins. The Earthquakes, by James E. Keeler, FE. S. Holden, and 
Charles. D; Perrine. 

Contributions to the Cretaceous Palaeontology of the Pacific 
Slope, by F. W. Stanton. This bulletin describes the Knoxville beds ; 
geographic distribution, local development in Tehama, Colusa, Lake, 
and Napa Counties, Mount Diablo, and other loccalities, ete. 

There is also a paper by the same author on the Faunal Relations 
of the Eocene and Upper Cretaceous, in the 17th Annual Report. 

The Mineral Resources, by David P. Day, to all the reports. 

Reports on Geological maps of the U. S., by Jules Marcou and 
John B. Marcou. 

Chemistry and Physics, by F. W. Clark. 

The publications of the Smithsonian Institution, contains only 
two reports on the Geology. The first by Hitchcock, Illustrations of 
Surface Geology, 1857, pp. 107-108, on the erosions of the west side of 
the Sierra Nevada Mountains, and the second, by Geo. P. Merrill, on 
building and ornamental stones. Report for 1886. 

The publications of the U. S. National Museum contain papers 
by W. H. Dall, of the fossils of the Coast Range, with a paper by Geo. 
P. Merrill, on onyx marbles, also notes on the Geology and Natural 
History of Lower California, etc. 

The Geological: Survey of the State of California was organized 
in 1853, by a resolution of the Senate, calling upon Mr. John B. Trask, 
for such information as he may possess, relating to the Geology of the 
State. Dr. Trask’s report on the Geology of the Sierra Nevada or 
California range is a small pamphlet of 31 pp.—Sacramento, 1853. 

The author gives a concise sketch of the geology and resources, 
from his reconnoissances of 1850-52, embraced within the 36th and 
42nd degs. of North Latitude. 
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The second report was on the Geology of the Coast Mountains, 
Sen. Doc. No. 14, Sacramento, 1855. 95 pp. It contains description 
of the physical geography of the Coast Mountains and other geologi- 
cal information; Geology of San Bernardino Mountains, Stratified 
Rocks of San Bernardino chain, and plains of Los Angeles County, 
north of American River; mineral districts of the upper Sacramento 
Valley, Geology of northern Coast Mountains, etc. 

The third report, by Dr. John B. Trask, on the Geology of the 
Coast Mountains and part of the Sierra Nevada—Assembly Doc. No. 
9,1854. 92 pp., contains a description of the geology of Monte Diablo, 
Salinas Valley, Santa Cruz Mountains, Sacramento and San Joaquin 
Valleys, Position of the volcanic rocks to the Tertiaries, etc. 

The final report on. the Geology of Northern and Southern Cali- 
fornia, Assembly Doc. No. 14, 1856, contains 66 pp. 

It contains a description of the physical geography of the Coast 
Mountains north of San Francisco Bay, etc.; Geology of Table Moun- 
tains, Tuolumne Co., California; rock of northern district, Shasta 
County, etc., etc. 

In the Surveyor General’s reports there are papers on Geology of 
part of Calaveras County—Doc. No. 5, Appendix F, 1855, with a re- 
port of a survey of a portion of the section boundary of California, and 
a reconnoissance of the old Carson and Johnson immigrant roads, in 
the Report of 1856. 

The second Geological Survey of California, J. D. Whitney, 
State Geologist, consists of several addresses to the Legislature of 
California, with lectures on Geology. The final reports included the 
Yosemite Guide Books, in several additions; Catalogues of the Inver- 
tebrate fossils. 

Palaeontology, in two Volumes ; 

Geology, in two Volumes. 

The first a report of progress an synopsis of the fields north, from 
1860 to 1864, contains Geology of the Coast Range, Geology of the 
Sierra Nevada, with an appendix, Description of the Fossils of the 
Auriferous Slates of California, by F. B. Meek. 

The second volume contains the Geology of the Coast Range. 

Detailed description of Monte Diablo coal fields, Coal of Southern 
California, ete. 

Notes on Geology of Lower California. 

The other reports of this Survey include a Volume on Barometric 
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Hypsometry , with tables—Cambridge, 1874, with supplement in 1878. 
Two Volumes on Botany, by W. H. Brewer, and Sireno Watson. 
Two Volumes on Ornithology, with geological maps of San 

Francisco Bay: also map of California and Nevada. 

To these reports should be added a report on the fossil plants of 
the auriferous gravel deposits, by Leo Lesquereux, and Auriferous 
Gravel of the Sierra Nevada, by J. D. Whitney, with the climate 
Changes of Late Geological Times: all published in the memoirs of 
the Museum of Comparative Zoology, at Cambridge. 

The survey was stopped by the Legislature in 1874, permission 
having been given to the State Geologist by the Board of Regents of 
the University of California to continue the publications. 

The California State Mining Bureau was created by an act of the 
Legislature, approved April 16, 1880, and Henry G. Hanks appointed 
by the Governor in 1880, as State Mineralogist. 

The first Annual Report, June 1st to Dec. Ist, 1880, contained 
analysis of clay from Placer County. 

The second, Dec. Ist, 1880 to Oct. Ist, 1882, 288 pp., and 4 pho- 
tographs, with appendix. This report contains various papers on min- 
ing, general geology, iron ores, mud volcanoes of the Colorado Desert, 
ete. The appendix has a paper on Forest Trees of California, by A. 
Kellogg; notes on hydraulic mining, etc., rare minerals recently found 
in the State, by Wm. P. Blake. 

The miscellaneous publications include contributions to Geology 
and Mineralogy of California, by Wm. P. Blake, 15 pp., 1881; also a 
paper on the Milling of Gold Quartz, by M. Attwood, 20 pp., 1882. 

Catalogues of the State Museum, Vols. 1 and 2, also catalogue of 
books and maps in the library of State Museum. 

The 3rd Annual Report, for the year ending May 15, 1884, con- 
tains a report on the borax deposits. 

The 4th Annual Report, for the year ending May 15, 1884, con- 
tains a general account of the Agricultural, and other resources, etc,,of 
California; also Catalogue of Minerals of California. 

The 5th Annual Report, for the year ending May 15, 1885, 235 
pp. ;during this year the State Collection of Minerals was sent to the 
World’s fair, at New Orleans, in charge of the State Mineralogist. 

The 6th Annual Report, for the year ending June 1, 1886, Part 1: 
This report contains an article on San Diego Co., etc. 
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Henry G. Hanks resigned his office, May 13, 1886, and William 
Ireland waas appointed in his place. 

The publications under William Ireland, State Mineralogist, con- 
sisted of the 2nd Part of 6th Annual Report, containing reports on the 
mines of Amador, Butte, and other counties. 

Vol. 3, Catalogue of State Museum. 

The 7th Annual Report, for 1887, contains articles on petroleum, 
asphaltum, and natural gas, etc., with a catalogue of fossils, by J. G. 
Cooper. This article forms Part 1 of the series; others were pub- 
lished in Bulletins. 

The 8th Annual Report, for 1888, contains the mineral resources 
of the State, considered by counties. 

Bulletin No. 1, a description of the desiccated human remains, by 
Winslow Anderson. 

oth Annual Report, for 1889: 

Contains articles on the Geology of the Islands off the Coast of 
California; account of San Diego County, ete. 

The use of fossils to indicate mineral formation, by J. G. Cooper, 
etc. 

The roth Annual Report, for 1890: 

Contains a geological map of the State, Geology of the Mother 
Lode, by H. W. Fairbanks. 

Geological features of Placer, Nevada, Colorado Desert, Trinity, 
Orange Counties, etc. 

During the year 1880, Vol. 4 of the Catalogues of the State Mu- 
seum, with one on the Library, were issued. 

The 11th Report, for two years, ending Sept. 15, 1892: 

Contains special articles on Geology, including that of San Ber- 
nardino County. 

Under the administration of J. J. Crawford, State Mineralogist, 
the following publications were issued, viz. : 

The 12th Annual Report, for two years, ending Sept. 15, 1894. 
This report contains articles on the auriferous conglomerates, etc. ; 
Geology of Ventura, Santa Barbara, and other counties, by H. W. 
Fairbanks. 

This Report was followed by a number of Bulletins—Bulletin No. 
2, Methods of Mine Timbering, with a second edition. 

Bulletin No. 3, Gas and Petroleum-yielding Formations. 

Bulletin No. 4, Catalogue of Fossils, Parts 2, 3, 4 and s. 
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Bulletin No. 5, Cyanide Process; Catalogue of West North Amer- 
ican Shells. 


Bulletin No. 6, California Gold Mill Practices. 

Bulletins Nos. 7 and 8, tables showing by Counties, the mineral 
productions of the State. No. 9, Mine Drainage Pumps, etc. No. 10, 
Bibliography of books relating to Geology of California, republished 
as Bulletin No. 30, including a list of the maps of California. No. 11, 
Oil and Gas-yielding Formations. 

The 12th Report, for 1896, contains various articles on minerals, 
also mineral springs of the several counties, with appendix. 

Under the administration of A. C. Cooper as State Mineralogist, 
th efollowing publications were issued: 

Bulletins Nos. 12, 13, 14 and 17, showing by counties, the mineral 
productions of the State. No. 16, the Genesis of Petroleum. No.17, 
the Mineral Productions of the State. No. 18, The Mother Lode re- 
gions, general geology of the gold belts, methods of mining, ete. 

Bulletin No. 19, Oil and Gas-yielding Formations of California, 
‘with Atlas of Maps. 

Bulletin No. 20, a compendium of the mining industry of the 
State, for the four years ending September, 1900. 

Bulletins Nos. 21 and 22, relate to the mineral production of each 
county. 

The State Mining Bureau has issued and has in preparationu sev- 
eral valuable papers showing the different mines in the several counties. 
These pamphlets include a map of each county. 

The following has been published: Register of mines and mining 
with maps of Plumas, Calaveras, Siskiyou, Nevada, Lake, Placer, El 
Dorado, Shasta, San Bernardino, Tuolumne, Sierra, Los Angeles, 
Amador, and Trinity Counties. 

There are also several special bulletins, such as Bulletin No. 23, 
reports on Copper; Bulletin No. 24, on Saline Deposits; Bulletin No. 
27, on Quicksilver. Gold Production of Cal., 1848-1903. 

In the Assembly Documents there are several papers relating to 
mines and minerals. “The Transaction of the Agricultural Society, for 
1863, gives a list of gold mines, pp. 101-118, with Mining Review for 
1863. 

Senate Doc. 16, Session 1866, Vol. 3, gives an account of Califor- 
nia Marble, with Mining Review for 1865. 
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Senate Doc. 17, Session No. 3, 1867, gives an account of gold, 
silver, etc. 

The State University has published Report on Mount Diablo, by 
S. B. Christy, in Report of President, of Universiey for 1877. 

In the Reports of the Regents, there are papers on the genesis of 
the cinnabar deposits, by S. B. Christy; Berkeley, 1878. 

List of earthquakes, Report for 1887. 

Building Stones, Report-for 1883. 

List of printed maps, Bulletin No. 9, 1887. 

The University has published three Volumes and part of another, 
under the title of University of California, Bull Dept. of Geology. 
The Bulletins contain special reports on the Geology of Carmelo Bay; 
Geology of Angel Island, The Great Valley of California, Geology of 
Point Sal, Topographic Study of the Islands of Southern California. 

Geology of Point Reyes Peninsula, The Berkeley Hills, Quater- 
nary of Southern California, with several papers on minerals and fossils. 

There is also a Bulletin of the type Specimen in the Geological 
Musetin figured in Whitney’s reports. 

In the various scientific serials, many articles on California ap- 
peared, in a long list of some forty publications. We haye only space 
to note in general the more important papers. 

In the proceedings of the American Association for the Advance- 
ment of Science, Wm. P. Blake, writes on the Probable Age of the 
San Francisco Sandstone, in 1855. 

Prof. Joseph Le Conte, in his address for 1893, discusses the the- 
ories of the origin of mountain ranges. 

In the proceedings for 1895 and 1896, J. P. Smith, of Stanford 
University, notes the Carboniferous Strata of Shasta County and met- 
amorphic series of that region. 

In the American Journal of Conchology, there is a long contro- 
versy regarding the Cretaceous and Eocene formation of California, 
between Conrad, and Gabb. 

Conrad refers the Tejon rocks to the Eocene, and Gabb, to the 
Upper Cretaceous. 

In the American Naturalist, there are papers on the Glaciai forimia- 
tions of the Pacific and Atlantic slopes. 

Remarks on fossil shells of Colorado Desert, also a paper on the 
hillocks or mounds formation of San Diego, by Geo. C. Barnes, etc. 
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The American Geologist contains papers by Joseph Le Conte, on 
the Flora of the Coast Islands, Vol. 1, 1888. 

Papers by J. S. Diller, on Lavas of the Sierra Nevada Mountains. 

Geology of the Mother Lode, by Fairbanks; with a paper ov the 
Eocene, Cretaceous and Carboniferous rocks of California. 

There are also several articles by H. W. Turner on the Sierra 
Nevada and Coast Ranges. 

In the first series of the American Journal of Science, as early as 
1839, Conrad has an article on the elevation of California during the 
Tertiary epoch. 

There is also an early account of the Cinnabar Mines, in 1848. 

The gold discovery during this year, 1848, was reported upon by 
Rev. C. 5. Lyman. 

The Quicksilver Mines, and Earthquakes, were subjects of pa- 
pers by Wm. P. Blake in 1854. 

The Volcanic Springs of Colorado Desert, by John J. Le Conte, 
in 1855. 

In the other Journals, for 1855-58, there are articles of the gold 
regions of California; also papers on the earthquakes, by Dr. J. B. 
Trask. 

The leading papers in the Journals of 1859-65, are those of Les- 
quereux on fossil plants. Silliman’s papers on Quicksilver Mines 
and Petroleum, with a notice of the Geological Survey of California, 
by J. D. Whitney. 

In 1866-70, Whitney published a paper on the Borax of Califor- 
nia. W.H. Brewer wrote papers on alleged discovery of an ancient 
skull, also one on gold-bearing rocks. Gabb and Conrad on the Creta- 
ceous subdivisions of the California Geological Survey. 

Blake, in Vol. 45, for 1868, refers the gold-bearing rocks of Cal- 
ifornia to the Carboniferous age. 

In Vol. 1, 1871, Clarence King publishes a paper on the discovery 
of actual glaciers on the Mountains of the Pacific slope. 

Prof. Le Conte, papers on the theory of formation of great feat- 
ures of the earth’s surface, appeared in Vols. 4 and 5, for 1872-73. 

In the Volumes for 1873 to 1876, there are various papers on gla- 
ciers, lava flows, auriferous gravel deposits of Gold Bluff. Forma- 
tion of Coast Ranges, by Joseph Le Conte; Age of the Tejon group, 
by J. G. Cooper, etc. 

In the Volumes for 1878-80, Dr. Le Conte has an article on the 
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Structure and Origin of Mountains, with other papers on volcanoes 
about Lake Mono, and the old river beds, ete. 

Vols. 24-25, for 1882-83, contains Le Conte’s papers on Metal- 
liferous Vein Formation. 

Some notes on the Jurassic Strata of North America, by Charles 
C. White, appear in Vol. 29, for 1885. 

George F. Becker, writes on the Cretaceous Metamorphic Rocks 
of California, Vol. 31, 1886. With another paper in same volume on 
the Texture of Massive Rocks. 

There is an article by Joseph Le Conte, in Vol. 34, 1887, on the 
Flora of the Coast Islands of California, in which he discusses the 
physical changes af the Coast region, as indicated by the Flora and 
Fauna of the Coast Islands. 

In Vol. 40, 1890, J. S. Diller writes on the Cretaceous Rocks of 
Northern California. 

During the years 1893-95, several papers appeared in the Journal. 
One, on the so-called Wallala beds, by Fairbanks. Notice of the dis- 
covery of Devonian rocks, in California, by Diller and Schuchert, Vol. 
47, 1894. 

An auriferous conglomerate of Jurassic age, from the Sierra Ne- 
vada, by W. Lindgren, Vol. 48, 1894. 

Lower Cambrian Rocks of Eastern California, by Charles D. 
Walcott, Vol. 49, 1895. 

There is a notice of some Mesozoic plants from Oroville, by Fon- 
tain, in Vol. 2, 1896. 

The Granitic Rocks of Pyramid Peak, by Lindgren, Vol. 3, 1897. 

Also the papers by Fairbanks, on Contact Metamorphism, and on 
Tin Deposits at Temescal, in Vol. 4, for 1897. 

In the publications of the New York Academy of Sciences, there 
is an article on the Infusorial Deposits, also a Catalogue of the Shells 
Collected at Panama, by C. B. Adams, published in the Annals of the 
Lyceums, Vol. V, 1852. 

The Transactions of the American Institute of Mining Engineers, 
contains important mining notes regarding California, with the geo- 
graphical distribution of mining districts in the United States, by R. 
W. Raymond, Vol. 1, 1873. 

The Bulletins of the Geological Society of America, containing 
the following papers in reference to California: 


cific 
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Orographic Movements of the Rocky Mountains—Emmons. 


2. Sandstone Dikes—Diller. 

3. Structure of a Portion of the Sierra Nevada—Becker. 

4. Antiquities from Under Tuolumne Mountains—Becker. 

5. Early Cretaceous of California and Oregon—Becker. 

6. Tertiary and Post-Tertiary Changes of the Atlantic and Pa- 


Coasts—Le Conte. 

7. Geology of Mount Diablo—Turner. 

8. Geology of Taylorville Region—Diller. 

g. Jura and Trias at Taylorville—Hyatt. 

10. Stratigraphy and Succession of the Rocks, Sierra Nevada 


—Mills. 
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Cretaceous and Early Tertiary—Diller. 

12. Faunas of the Shasta and Chico Formations—Stanton. 

13. Two Neocene Rivers of California—Lindgren. 

14. Age of Auriferous Slates—Smith. 

15. Trias and Jura of Western States—Hyatt. 

16. Shasta-Chico Series—Diller and Stanton. 

17. Geological Sketch of Lower California—Merrill. 

18. Review of Geology of California Coast Range—Fairbanks. 
19. Characteristic Features of Gold Quartz Veins—Lindgren. 

20. Fauna of Shasta Group, Ete.—White. 

I. Earth Crust Movements—Le Conte. 

22 Precambrian Fossiliferous Formations—Walcott. 
23—Ground Sloths—Merriam. 

24. Drainage Features of California 

25. Geology of Great Basin—Turner. 

26. Sketch of Pedological Geology—Huilgard. 

27. Sierra Madre, Near Pasadena—Claypole. 

28. Origin and Structure of Basin Ranges—Spurr. 

29. Drainage Features of California—Lawson. 

30. Geology of the Great Basin in California and Nevada— 


Lawson. 


Lawson. 


31. Geological Section of the Middle Coast Ranges—Lawson. 
The California Academy of Sciences, established in 1854, pub- 


lishes a series of articles on the geology, fossils, mineral and other re- 
sources of California. ‘The most important articles are the following: 


The Natural System of Volcanic Rocks, by Baron Richthofen, 


Memories, Vol. 1. 
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The first Volume of the Proceedings for 1854-57, contains notes 
on fossils and earthquakes, also a paper on the mud volcanoes of the 
Colorado Desert. 

Vol. 2, Earthquakes in California, in 1858-59, by Dr. Trask. 

The 3rd Volume has several papers on fossils, notes on earth- 
quakes, with a paper by W. P. Blake on oil regions in the Tulare Val- 
ley ; also miscellaneous notices by the same author. 

The 4th Volume gives notes on the ancient glaciers, with geology 
of the Coast of Oregon, ete. 

The writers in the 5th Volume, are Whitney—Auriferous Gravel 
Deposits in Placer County. Davidson—Abrasions of the Continental 
Shores of Northwest America. 

Chase—Artesian Wells of Los Angeles County. 

Davidson—Auriferous Gravel Deposits. 

Goodyear—High Sierra, South of Mount Whitney. 

Le Conte—Great Lava Flood of the Northwest. 

Dall—Tertiary Fossils. 

Coéoper-—California Coal, with papers on the Pliocene, Miocene, 
Eocene and Tertiary formations of California. 

The 6th Volume contains several papers by J. G. Cooper, on West 
Coast Pulmonata fossils and living, continued from Bulletin No. 8. 

Notes on Geology of Lower California, by Lindgren. 

There are no geological papers in the second Volume. 

Volume 3, has an article on the flexure of rocks, by George H. 
Ashley. 

A list of the books relating to the Geology of California, by 
Vogdes, with a note on discovery of Proetus ellipticus, in the Carbon- 
iferous of Shasta County. 

Vol. 4, Pliocene Fresh Water Shells—Cooper. 

Neocene Stratigraphy of the Santa Cruz Mountains—Ashely. 

Fossil and Sub-Fossil Shells of the U. S.—Cooper. 

The Washoe Rocks—Becker. 

The 3rd Series of the proceeding contains Geology of Santa Cat- 
alina Islands—Smith. 

Submerged Rocks of the Coast—Davidson. 

Several papers by J. P. Smith, on Ammonites. 

Tertiary Sea Urchins—Merriam. 

Formanifera—Chapman. 
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Palaeontology and Stratigraphy of the Marine Pliocene, Vol. 3— 
Arnold. 

There are many other scientific publications containing articles of 
value to theestudent of California resources, such as Engineering and 
Mimng Journal, Harvard University publications, Mining Magazine, 
Mines and Minerals, Nature, Philadelphia Academy publications, etc., 
which, owing to the length of this address, can only be noted. 

In the Journal of Geology, there are a series of articles by J. P. 
Smith, on the Carboniferous and Metamorphic Formation of Shasta 
County. 

The Age and Succession of the Igneous Rocks of the Sierra Ne- 
Vada—Turner. Vol. 3, No. 4, 1895. 

Stratigraphy of Coast Ranges—Fairbanks. Vol. 3, No. 4, 1895. 

Migration of Marine Invertebrates—Smith. Vol. 3, 1895. 

Fauna of Independence Hill—Knowlton. Vol. 4, 1896. 

Age of Auriferous Gravel—Lindgren. Vol. 4, 1896. 

Classification Marine Trias—Smith. Vol. 4, 1896. 

Topography of California—Drake. Vol. 5, 1897. 

Geology, San Francisco, Peninsula—Fairbanks. Vol. 5, 1897. 

Geology, Martinez Group—Merriam. Vol. 5, 1897. 

Post-Pliocene Elevation of Inyo Range—Walcott. Vol. 5, 1897. 

Pliocene Skull, of California, Table Mt.—Blake. Vol. 7, 1899. 

Replacement of Ore Deposits, Sierra Nevada—Turner. Vol. 7, 
1899. 

Principles of Palaeontologic Correlation—Smith. Vol. 8, 1900. 

Drainage Features of California—Lawson. Vol. 9, 1901. 

Geology of Great Basin—Turner. Vol. 9, Igor. 

Sketch of Geology, Salinas Valley. Vol. 9, 1901. 

The West American Scientist, published in San Diego, contains 
New Cretaceous Fossils, No. 21, pp. 28-31. 

Minerals and Mines of San Diego, No. 23, with several articles 
by Dr. L. G. Yates, on Fossil Botany. 

In Zoe, there appears a short article on the Geology of Farallones, 
by Biankenship. 

In Mofras’ Exploration des Territoire de Oregon des Califor- 
nies, etc., Paris, 1844, there is a notice of the bitumen near Los An- 
Peles fon p.-437, V Ol. 2. 
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DOCTOR JOHN B. TRASK 
First State Geologist of California 


A BIBLIOGRAPHICAL SKETCH OF DOCTOR JOHN B, TRASK 
FIRST STATE GEOLOGIST OF CALIFORNIA 


BY 


ANTHONY W. VOGDES 


SAN DIEGO, CALIFORNIA 


Doctor John B. Trask was born at Roxbury, Massachusetts, in 1824, 
and died at San Francisco, California, July 3rd, 1879, in the 55th year of 
his age. He was one of the charter members of the Academy of Natural 
Sciences of San Francisco and contributed many papers to the Academy. 
His last paper was read before the Academy February 19th, 1866; after- 
wards, though always interested in the welfare of the Academy, he ceased 
to take an active part, and devoted his time to the practice of medicine, 
in which he was professionally skilled, and remarkable for originality 
and independent thought. 

Through him the medical professions of the Pacific coast were first 
made acquainted with the mode of preparation of Mentel’s Aluminated 
solution and other valuable styptics. 

Doctor Trask paid early attention to the medical flora of the Pacific 
and made known or discovered the virtues of such plants as Yerda santa, 
for rheumatism, etc., Damiana, a nerve tonic, and Grindelia robusta, for 
oak poisoning, and other plants. 

The first Pacific medical journal published in California was edited 
by Dr. Trask, in conjunction with Dr. Wooster, under the title of the 
‘* Pacific Medical and Surgical Journal,” in the year 1858. After some 
vears of laborious editorial work the journal passed out of his hands. 

Doctor Trask was licentiate of Yale University, passing examinations 
in Geology, Mineralogy, Chemistry, Medical Botany and cognate 
sciences, and was subsequently honored by the ad eundem degree in the 
year 1859. 

He was also the subject of honorable recognition by various European 
and American scientific societies, with honorary degrees from Italian and 
German colleges, awarded for his researches and discoveries in Organic 
Chemistry, Mineralogy, Microscopy and Medical Botany. 

Personally, Dr. Trask was remarkable for originality and independent 
thought, earnest and generous-hearted, free from the acquisitive instinct, 
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and always ready to serve those who needed his services, without money 
and without price; he had many opportunities for pecuniary advance- 
ment, but neglected them. 

He was as careless in such matters as in his dress. Direct and blunt 
of manner, some thought him rough and rude of speech ; he was, never- 
theless, sympathetic and ever ready to lend a helping hand or do a kindly 
deed. He was aman of strong convictions and decided in his opinions. 

He was connected with the Mexican Boundary Survey as Geologist 
of California and the State of Nevada, also State Geologist of California 
in the early fifties. 

He served in the war as Assistant Surgeon of Volunteers. 

LIST OF GEOLOGICAL AND PALAXONTOLOGICAL PUBLICATIONS: 
Dr. John B. Trask contributed to the California Academy of Sciences 
the following papers: 
1—Description of new species of Naiades from Sacramento River; Proc. 
Cal. Acad. Sci., vol. 1, p. 27-29, 1855; Anodonta Randallt, A. 
triangularts, A. rotundovata, ‘The second paper describes species 
from the Yuba River, 4/asmodon yubensis. 

2—Description of Ammonites Batesti,; Proc. Cal. Acad. Sci., vol. 1, p. 

939, 1855. 

3—Description of Fossil Shells; Proc. Cal. Acad. Sci., vol. 1, p. 40, 1855; 
Chemnitzia papillosa, Tornatella elliptica, Murex fragilis, Fusus 
Barbarensis, F. robustus, F. rugosus. 

4 —Earthquakes in California from 1812 to 1855; Proc. Cal. Acad. Sci., 
vol. 1, p. 85, T3856, 

5—Descriptions of new species of Ammonite and Baculite from the 
Tertiary rocks of Chico creek; Proc. Cal. Acad. Sci., vol. 1, p. 92, 
1856; Ammontte Chicoensis, Baculite Chicoensts. 

6—Description of three new species of the genus Plagiostoma from the 
Cretaceous rocks of Los Angeles; Proc. Cal. Acad. Sci., vol. 1, p. 
93, 1856 (plate); Plagtostoma Pedrona, P. annulatus, P. truncata. 

7—On Earthquakes in California in 1856; Proc. Cal. Acad. Sci., vol. 1, 
Pp. 102, 1856. 

8—On the direction and velocity of the Earthquake in California January 
oth, 1857; Proc: Cal. Acad. Sci., vol. 1, p. 109, 1857: 

g—On some new Microscopic Organisms; Proc. Cal. Acad. Sci., vol. 1 
p- 110, 1857. In which he establishes the new genus Leffoszagon 
for certain forms attached to Algze of Santa Barbara. 

10—New species of Zoophytes; Proc. Cal. Acad. Sci., vol. 1, p. 112, 1857. 
In which the author describes nine new species from the Bay of 
San Francisco and adjacent localities. 

Site ae in California during the year 1857; Proc. Cal. aa 
SCia VOLs i) piet2 tt s5e, 
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12—Harthquakes in California during 1858, 1859 and 1860; Proc. Cal. 
Acad. Sci , vol. 2, pp. 39 and go, 1859-60. 

13—Earthquakes in California in 1863 and 1864; Proc. Cal. Acad. Sci., 
VOl53,1D. 131,2864. 

14—HEarthquakes in California from 1800 to 1864; Proc. Cal. Acad Sci., 
vol. 3, p. 131, 1864. Also published as a pamphlet at San Fran- 
cisco 1864, 26 pp. 

I5—Harthquakes in California during 1864; Proc. Cal. Acad. Sci,, vol. 
3, Pp. 190, 1865. 

16—Earthquakes in California during 1865; Proc. Cal. Acad. Sci, vol. 
3, P= 239, 1966; 

By resolution of the State Senate, passed March 26, (853, Dr. Trask 
was called upon for such information as he may possess relative to the 
Geology of California and productive resources of the State. This re- 
port, of which only 2,000 copies were printed, is entitled: 


1—Report of 1853, Geology of the Sierra Nevada or California Range, 

by John B. Trask, Sacramento, 1853, 31 pp. 

It contains a sketch of the Geology and Mineral resources of the Eastern 
valleys of the Sacramento and San Joaquin, and to the Coast line 
within 41st and 42nd degrees of north latitude, from personal ob- 
servations made during the years 1850-52. 

Reviewed Mining Mag. 1853, vol. 1, pp. 6-23. 


2—Report on the Geology of the Coast Mountains, embracing their A gri- 
cultural resources and Mineral productions, also portion of the 
Middle and Northern Mining Districts, by Dr. John B. Trask, 


State Geologist, Senate Doc. No. 14, Sacramento, 1855, 95 pp. 
This report contains a description of the physical geography of the Coast 
Mountains. Geology of the Coast Mountains. Tertiary rocks of the 
Coast Mountains, Primitive rocks of the Coast Mountains. Volcanic 
rocks of the Coast Mountains. Geology of the San Bernardino Moun- 
tains, Stratified rocks of the San Bernardino chain of Los Angeles. 
Artesian borings. Soil and productions of Los Angeles. Mineral pro- 
ductions of Los Angeles. Country north of the American River. 
Mineral district of the Upper Sacramento Valley. Geology of the 
northern mountains. Local geology of the Northern Coast Mountains, 
Carboniferous limestone of the eastern part of Shasta County. Trinity 
County. Structure of the Sacramento Valley. Tertiary rocks and 
other deposits of the Sierra Nevada. Placer Mining. Quartz veins. 
Quartz Mines, with description of the mines and statistics. 


3—Report on the Geology of the Coast Mountains and part of the Sierra 
Nevada, embracing their industrial resources in agriculture and 
mining, by John B. Trask, State Geologist, Assembly Doc. No. 9, 
1854, 92 pp. 

Contains a description of the Geology of the Monte Diablo range. Salinas 


Valley, from Point Pinos to the Nacimiento River. Santa Cruz Moun- 
tains. Structure of the valleys of the Sacramento and San Joaquin. 
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Review of the geological changes in the Coast Mountains and Monte 
Diablo ranges. Classification of the rocks of the Coast Mountains and 
Monte Diablo ranges. Position and relation of the Volcanic rocks of 
the Tertiaries. Volcanic rocks preceding the Tertiary era. Most 
recent volcanic rocks of the Coast Mountains. Changes of level and 
river terraces. Soils of the Santa Clara valley and shores of the Bay 
of San Francisco. Valley of the Salinas. Soils of the Salinas, Pajaro 
Valley, Livermore Valley. Mineral resources of the Coast Mountains. 
Mineral districts, embracing parts of the counties of Nevada, Placer, 
El Dorado and Calaveras. Quartz veins and their relative age in Cali- 
fornia. Character and position of the older veins below the surface. 
Present government of metallic veins. Description of the mines, with 
a list of gold mines. 
4—Report on the Geology of Northern and Southern California, embrac- 
the Mineral and Agricultural resources of those sections, with 
Statistics of the Northern, Southern and Middle Mines, by Dr. 


John B. Trask, Assembly Doc. No. 14, Session of 1856, 66 pp. 
Contains a description of the Physical geography of the Coast Mountains, 
lying north of the Bay of San Francisco. Geological structure of the 
Coast Mountains. Mineral character of the Primitive rocks of the 
Coast Mountains. Soils of Petaluma County. Plains west of the 
Sacramento River. San Bernardino. Geology of Table Mountain, 
Tuolumne County. Carboniferous rocks of the northern district. 
Salines of the Upper Sacrainento Valley. Description of mines, etc. 
Analyses of Saline waters from Lick Springs, Shasta County. Gold 
mines in operation in 1855. ‘Table of altitudes. 
5—Keport on the Geology of the Sierra or California Ranges, by John B. 


Trask; Pharmaceutical Journal, vol. 14, 1855, pp. 20-24. 


MOLLUSKS AND BRACHIOPODS COLLECTED IN SAN DIEGO, 
CALIFORNIA. 


BY EW aK EUSEY. 


For the benefit of collectors of Mollusca and Brachiopoda, the author 
has compiled, as nearly as possible, a complete list of recent marine 
species to be found at San Diego, California. 

The species listed have been collected within a district bounded by a 
a coast line not exceeding twenty-five miles in length, and in but a few 
instances going beyond a depth of two hundred fathoms. 

San Diego is so situated as to afford special advantages to the collector 
of mollusks, as a great variety of collecting ground is accessible within a 
limited area, and the climate is so mild as to make collecting not only 
possible, but pleasant at all times of the year. 

San Diego Bay affords an unusually interesting as well as prolific field 
for the conchologist, owing to the variety of ground awaiting his conquest. 

At extremely low tides the nature of the ground uncovered ranges 
through all stages from a black, oozy mud, at the head of the bay, to the 
white beach sand‘at its entrance. 

The grass flats opposite La Playa, are found well stocked with ever- 
varying sea life, and it is extremely interesting to note the changes in 
the molluscan population, as one species after another finds its way into 
the sheltered portions of the bay, becoming numerous today and tomor- 
row disappearing again. 

On the Government Reservation, at the northern end of the bay, ata 
point about midway between Quarantine Station and Ballast Point, is a 
colony of rock borers, several species of which inhabit the sandstoue left 
bare at middle tide; while still lower, among the moss-covered rocks, we 
find numerous Chitons and several species of Ocinebra, Muricidea, Pleu- 
rotoma and Odostomia. 

The coarse gravel of Ballast Point contains its share, but gives it up 
only after hard labor; for the toothsome clam seems to be aware of the 
fact that he is popular, and the collector generally earns the savory din- 
ner which he carries home in his basket. 

The rocks of the Government Jetty are alive with rock dwellers, 
including many species of Littorina, Chlorostoma, Acmaea, Purpura, 
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Haliotis, Crepidula and others, while the ribbon kelp attached to the 
rocks carries several species that find shelter among its leaves. 


The “ marine ways,’’ too, contribute their share of treasures, some of 
which, however, are introduced, as many small schooners from the south- 
ern coast come here to have the grass, barnacles and other foreign matter 
scraped off their hulls. This material furnishes a shelter for small mol- 
lusks, some of which are found among the debris. 


Probably the most interesting method of collecting, and without 
doubt the one most costly, both in money and in labor, is securing the 
shells by means of the dredge and trawl. Both Dr. Fred Baker and 
I have done a great deal of this during the past five years, and have 
quite thoroughly covered an area of about thirty square miles of water, 
in the form of a semi-circle, with the entrance to San Diego harbor as a 
center. 


The area so covered ranges from five to seventy fathoms in depth, and 
the species obtained have been quite numerous, including several new 
ones, and many others quite rare. 


Personally I have dredged, with a good deal of care, all portions of 
the bay*having over three fathoms of water, and have obtained very satis- 
factory results. 

In the following list, which contains 554 species and named varieties, 
over 500 are at the present time in the author’s collection, while the 
remainder are in the collections of Dr. Fred Baker, the Marine Biological 
Association of San Diego, and the National Museum at Washington, or 
are listed from C. R. Orcutt’s list, published in the Proceedings of the 
National Museum in 1885; Philip P. Carpenter’s list, published in 1872, 
and various publications mentioned in the explanatory notes. 

The author has received the valuable assistance of Dr. William Healey 
Dall, Dr. Paul Bartsch and Dr. Fred Baker, in the identification of species. 

The Nudibranchs are taken from a list prepared by Professor Mac- 
Farland, of Stanford University. 

The list has been arranged alphabetically for réady reference, but for 
further convenience an index of genera and sub-genera has been provided, 
the same being arranged in the order adopted by Tryon in his Structural 
and Systematic Conchology. 


Acanthochites avicula, 


WAT Ie OCHSISs nace, noes eee ee eT eS See A el iy Pils. 

HAIG IN AEA MASINI. EEE ARGE Stee sont Se eae oo eR oo cee OR nee Ree Mid. 

GE pretas 27S reece See ee ee ee eee Bete #-Gid. 
Found on eel grass in Sheleercd localities. 

INCeSSH.. Seles PA core ROR cl Re Ras ae ire Hds 


PAWe IA AMIN Lea ME a en each Weiss dadetae ss tena vp etek sunwa duets hie emotes ee Esch. 
EN IOBIASE | cock aoratins hc dt Sy Oana EN RM ec 20 ea Re a Gld. 
Dead shells, numerous on beaches. 
JOEY OTe ce, StS ae aaa eg epee nee SP, nc RS ore ee Esch. 
(SCS NWE y ec exe Geka es ae ae OG gh a nti ee Esch. 
Peltarnmarwele Vata a cc DERE near eer a cee Rl Esch. 
Deltarerat a CCN OCS ace ar cetera etn d Soruirarw nk, hah uate Dall. 
On ribbon kelp at Government Jetty. 
[OLS C0 1: WR ere sae Aslatee Rakcos thee te eae nie SOO Esch. 
ESS CEW ee Oe Rae ee ee Roe tee ee ee Cpr 


This species is quite rare here, although it is occasionally dredged 
or thrown upon the shore among drift. 


SacI eRe ae REE ace Si ate A VN eens iat an Actet eae Mle ya Nutt. 
SCT RPP Tze ice WC TOW ogra ea a SP er Cpr. 
mameteceraciior. 7 7... IRD RR eae GE OE ee OE, Ca Or Pepe hock Cpr 
Dr. 52 fathoms. 
Fn VUE SUL GEA Cnet Peat epee ee eR a nee es eh eee Gld 
SU niece me. eRe cane an. tee Ne, setae Reh BM) AU ht an Caen Cpr. 
Beautifully marked little rock borers, having a rich brown epi- 
dermis. 
MDE SOC TALC ripe aN x te oe 1. sgt ETO Sy BAe I A ee OR Cpr: 
O@PaAlesCenSraVes iit Woe e rash lads ak Cia. Ree caty vetles eeeaeh bees tgs ‘Cpr: 
EA OSO DU MLN IEC COON acon ee ccrm ta S. atnerien tips ove eer see aoe a Dall. 
Dr. 5 fathoms. 
Spy SAO Celr nacre Ast ace te rer ae etd. tenes panes eee, Cpr, 
Dr. 5 fathoms. 
Jp ee SEL (O10 RON AU ia aap seme ue a Giese ee LEE MAR eR Ath eA TUN SE Dall. 
SU AMA Laer ce Rete on wei ece ween ne Se SN Re Mogi Rt rev em Cpr. 
Alabina turrita=..... ... Peg TAG, hott Ot bei eee. eer cae acts aL oles ne, Bae Cpr. 
JAERI PSE ETSI II Oc SSO NC ree ete cao MENS, ve oN ee wee cooper 
JERE ES 0) £0 016) oP RR enn ep aL ER ern” care ICE mI Dall. 
WaMVatitts CallOSa sci: osx. ticys aero oeeds Utils hte doen sakes a eee Cee ih oe Conr. 


One of the must beautiful of our bivalves; rare in San Diego, but 
occasionally found on sand beaches. 


AGIs puyTa subg UAdt ALA sn ccs. coveost ess sa seen th Ge ovee oti ae Pee C i EN Cpr: 
Dr. 15 fathoms. 
EGG) CECE SOS ETP ES eds a inl celeireees aR aces ieee Tmt Oar yy Ss Rve. 
RECA AM RME ree fen ade ur See yt cae ae ats oc, tT She ison Me Cpr: 
Dr. 50 fathoms. 
ECMO pean ie aan Lope. cso Me naameanasa ge taste» Sa seweNtnepa ta aucun teint Dall. 
Praise Wal ue CSUs acy neste ie cee Aner en rancor y's a Cpr. 


Collected by Henry Hemphill, and mentioned in Bulletin of the 
Southern California Academy of Sciences, November, 1905. 


Anomia lampe........ . ERIE RO IRR an ERR aa DE MN RAY ae Gray 
Found occasionally on rocks, but very difficult to obtain in good 
condition, owing to the tenacity with which the delicate lower 

valve clings to the rock. 


Aplysia californica cic). cngele eran a aetet cue deans ene eee cee Cooper 
A good example of an interesting class of mollusks, whose shell, 
when present, is concealed in the back of the animal, and can 
only be produced by dissection. This is the largest known 
species of sea hare. 
ATCA CSV ACACAS fa riebrine ek nes niet seston nes otued Palen Wigs Oe rela Pee Ree Sby. 
Formerly known as Barbatia Ewa found attached by byssus to 
under side of mossy rocks at low tide. 


SOMA, coe 2a. CoM ea ee ee eee sh fan 7A De ate tae Ce a te Sby 

Dr. 13 fathoms. 
ASSIMINeCA CAllOTMICd crciensessccectdadarese ans it niqiae ates hae aaa eee ... Cooper 
ASthenothaerus vilhosior. i: awhsercce cee cas ee ante eee aoe ee ear a Cpr. 


Dr. 5 fathoms. A delicate little bivalve, with a stroug orange 
band around the edge of both valves; found abundantly in shal- 
low dredging. 

Astrelimminaéq wales. ys acts Joos eee woe senera da chee kee eee serene ee Mart. 


ANIC tila Stee naj ots, sim. pee keane Meare aetce nae eileen Gld. 
Introduced. Found at the ‘‘Marine Ways,’’ where vessels from 
the south have been scraped and shells have been among moss 

and barnacles. 


AXities in teri CU1ay.d.e8 2 kai pene ee de tng endear eee ee Brod. 
* Dr. 10 fathoms. 
Barlecia dalotipbilaes tye. bueenennst A, tes eee ee ai a ee Cpr. 
Found concealed among barnacles, moss, etc., on large Haliotis 
shells. 3 
SUE WIS ceca. « ve dase socay cane eee eres oes marae ee Cpr. 
ot Vall CUM CA, hac tenes cess rawr Oe oe ee Cpr. 
Bittium arniillatini 3... ogni sass scare Gree hea wee tie eae ae Cpr. 
Dr. 11 fathoms. 
ASPEL UME hivs sntigiccn ce stewplum an eetude tcee ee ba tdan.ce/s yeaa Maumee eeeoaee eee Cpr. 
Dr. 5 fathoms. 
iNterlOSSai en. say ee ota Waele: dae are GON RSE a Nisan elites aigee cone te mmenae Sameer Cpr. 
Dr. 12 fathoms. 
quadrifilat ums: 4. ¢2..5scvea Se ei ae cae ca tek eg ree Cpr: 
Found plentifully on mud flats, at low tide. 
TUGALIIN, . 5.250059: vac on tors caenece Mt een case ante one ta oh oe Cpr. 
Dr. 50 fathoms. 
Boreotrophon avalonensis.. icc snc sseroncccciie quem eee ee eee eae Dall. 
Dr. 52 fathoms. 
CiSparilisy fx, atten cases athae ance soc 9 seat eee tee Dall. 
Proc. U. S. Natl. Museum, No. 1032, page 712. 
CLIC 1A CS: cas 5 vaca sun cha Adlon Secsareemp, met Came Ae eee eee Dall. 
Proc. U. S. Natl. Museum, No. 1264, page 547. 
Bulla nebitlosa iar tee coe fe ota s « cpene sono tes a ens ae Ee nee Gld. 


Found very plentifully on mud flats, at low tide, or crawling leis- 
urely through soft mud in shallow water. 


Rare, but occasionally found at False Bay. 


Resta caze AUELOT ATI OAC HEN yet ticcecs ish os. bateavelonkolss teicrSe AERO Ws Hds. 
=Ranella californica, Hds. 
Occasionally taken in fishermen’s nets, or when spawning, in sand 
and mud of sandspits at the mouth of False Bay. 


Sadia tlavOMaCU lata sic... ise secede coated Ret Oe ean eT, MacFarland 
Alle TNT a Rane Secerarnt, BNC TRANE ahd alec Sa gnl seemrachw ete OS: MacFarland 
Cadiuhis Caltornicus.ec:.., .... 0c: Fee Cea RL ee Rae: Oe UE SAS Be LEADES,, 
Dr. 160 fathoms. 
ESIC iAtth Sone G DEER ME cas Aas pio ibe bit vis ase ep reg ade eR Co PTTL Weailse 
Dr. 60 fathoms. 
EN CGH SLG Saray Bis Scene ee a Me AR SESS: fH Al (oa Cpr 
Dr. 5 fathoms. 
SAO ELRNSER coe Co) 9 65 000 i ra te Pe kT SPA s Dall. 
Gre MMOL Martane Scns: es bg ace ee IS te eee, enews Cpr. 
Dr. 15 fathoms. 
Fg EY SEE TA TO ac Rate pen recone eho ema Re it hes Hr eid oer tee Mont. 
TAWA ONTMUATIN eraser feta SHIN chorea oepdbmen ora cee leer hale a lasstoreae Seaseame saints ane eeier Stearns. 
Dr. 15 tathoms. 
COP ROO A cas eee ao ge Ce role a AT MN pS trol bey ce Pt eh eee Dale 


Found under rocks, at low tide, at Pacific Beach and on Point Loma. 
These, like Caecum californicum, are generally found in colonies 


CCE OS TO Ma At UH AT UTE aces cero eRe catered es fous cee aorciee scones Rog Stones Ce Mart. 
GAMBIA CUAL Mtitess teats us tateGliih cae eaeeeaeone Behl erate des Ne Mart. 

ie VARTA eI EW Ul lve nemne sar cic ee eminent ree Williamson 
gemaitlatum ........... ROE Ce ohn ot REE PA A MOE Io on SOM Ane ETS Cpr: 

MIRO ESM Dene sor ayes Senco * Caan Nom ah toed eis oats tee eet all: 

SY OHCS cCANS CS Eaten Ae CRE eae oR eR DIN RAN eee Re MR SoM Ne ie Een Cpr. 

SIP ae PAMOs ia. s).0a6 oe, Wu saen 1on ves Pan einrohaye we eee genes Cpr: 

Dr. 10 fathoms. 
PICO ON rey are rane fc nc ake ee co Acie Shes EET es ene ae pe pea a Gabb. 
Litt AUER Aha wots detianw «lows eT OR ee OES ees Dall. 


The Calliostoma are found in considerable numbers nestling among 
the grass on the mud flats, at low tide. The last species is men- 
tioned in the Proceedings of the U. S. National Museum, Vol. 


XVIII, p. 8. 


IMIS EGC LOM ECEASSICOSCALUS! 2 raf oh. o2 coca cia ot capeiiye see cer tae avamn see ss Pils 
GECOLA LISA .. sie. BAW LS ee OP ster aaa sk ets pure Mat as avg ae @pr, 
Dalmyulatus anc. scene ty mh est esl cea Be SeANNRS Shrscl KK Ree Soe igeeinee ae Cpr: 

iy WAL Els DU Be aaa eels mucone Seem eee. .Pils. 
Aly DEE eM AIA TIS eco s cue daniancee wits cmonsider s-cinee capes oneaane weasels Brod, 
Dredged. 

Caria rics LLAlistyitis) PUPOlIdeUS....corcs..daedes <psoevsny stageeceR omnes Cpr 
Dr. 5 fathoms. 

OAPs ea Ori C11 Sia % sd tei y les iy deer oa. cw ou tetn ee Ping Ve banreeimsiltse shane selena Dall. 


Discovered by Mrs. Oldroyd on the shell of the Picten diegoensis, 
which is, I believe, its only habitat. 
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Cardita subqwadrata..ccrcaswnceseasv site Lecaanehs anny exe enty ere ee eereeee een Cpr. 
=—Lazaria subquadrata. 
Cardin Corbis 2 re ee ee re eee ee ela Mart. 
Rare, although found in considerable numbers farther south. 
PYOCETtth! 20, 26 0s) aca satedeear'cees anh neeenarh geal s Wert tamer amma eee Sowb. 


This cardum, although formerly found alive here, is now only 
foundina sub-fossil condition on the shore of Spanish Bight. 


Guadrigemariu wi... 2, beer eerie sere genoa ieee Pe ey Conr. 
Gavolinitaxtitle xd yee so so nse ee oe co Se ee eee Lesueur 
Dr. 600 fathoms. 
(HAO UNE) aac andeohnece cha. ee PEN ana OPERA Econ an ore Gmel. 
Dr. 120 fathoms. 
trispImosa "3.050%. rer veetees arene tas eee eee Lesueur 
Dr. 400 fathoms. 
Cerithidear Californicas Sateccs. cnzecmame torecs Ga hee tae etee te cee eee eee ees Hald. 


Formerly listed as Cerithides sacrata, Gld. Found in great num- 
bers on mud at middle tide, and on salt marshes. 


Calli OrmiCare Viale UY POLLY.SS aeeree 1.ere sete a meee eee ee See Berry 
Described in Nautilus, Vol, XIX, No. i2 
Cerithtonsis assimmlata 2... ..ctogesse se. cansacsve rues yeoman een CB -7Ads 
L “aL TE Es: Wap ase pee neers cere reer creme trennre Arar Pes. Cpr. 
AN OLAX AG 2.25 ts sn cat olen metivlaeenc Segoe aipie te delet aa a Della Chiaje. 
Dr. 5 fathoms. 
TITEL aioe jou sige nc Sac cane Saaegen oa oS a eek a eee ee ee Cpr. 
Dr. 8 fathoms. 
PULP UTA Ayaasee cera aame menace eer oneeoere eee aeeee Sena Obie Cpr. 
tubercle ta cy occsse a eee te ee agree ee sane (MOTE 


Dr. 10 fathoms. These small forms, often found in drift, are very 

dificult to determine without the aid of a good glass. 
Shactopleura; hartwegats.o5.heccsyo eek cea see ee ere ee Cpr. 
lurida, Vat. prasimatacA © sod ane ceec cee ee ae eee Cpr. 


Dr. 75 fathoms. My specimen, found on a rock, drawn upon lines 
of fishermen. 


mien ta lL 2 sets end Pe ORR ese ween Ske eee ee cee eae ee see Cpr. 
CHAMATERO CW TA 3 ont owe cnn ener niche cone aa aioe eee et eee Conr. 
pellucidadts osteitis ses, .cs octeee Soe es scree ae eee ake! Sowb. 


Quite commion on rocks, often growing aide by side, and only dis- 
tinguishable to a casual observer by the difference in direction 
of the spiral turn of the upper valve. 


Ghione ex cavatars! ssn. .isssen. dascusaces esate OC Senn eee ene Cpr. 
fluctilraga cg. 5 2sSis asset acastateee eeec donk Stat eo ee eee Sby. 
Simi lla). 255 Ss toesk Cee ere eet Rey eee es Sby. 
SUCCHICEA 1 & s..ctexcsageee deca vmbion Ges Uene MRC e ba Gt ee eo Val. 


Chlamydoconcha orcutti 


A rare bivalve, discovered by Mr. Orcutt at False Bay. The shells 


are. entirely concealed within the whitish, spongy portions of the 
animal. 


so) OCA PAS Pere OLAC 11 eee a eR Ae ee pistes Fbs. 
LSLAUESECLS TTL whe eke eee Ech a ah ieee A Mae Se a Te ee oe Pail: 
NESE CY GN See oi ae ncn HE tak CE a A. Ads 

CU es ENT VEIEN ONG TOP ee LA gees Ai Ae ae toa iad aR Pe RR Cpr 

Figen et SEE hi nm Bad ate le og aga ere Fbs 

ae REA EG CUS TV CT VSO ae eee ai Ole es est, A tO Hemp 

CET UGS LR et 9 a oa ae Soren. See oe ers EM 
PDMS O MR ER ee Ae a ek ane | have Roches Meee ee MeN AL eS 

HS OMAN A Sane ae erat ORI ari erence Mt an ee ona ON Baan ene ee ceo Stearns 


Nearly all the species of Chlorostoma are found in large numbers 
among the rocks at middle tide, and although inclined to colo- 
nize, several species are often found in the same locality. 


Koo) ORY aL uRNG °c Ces nV SSI LE eV oY I FOC a) ee PR Hds. 
Dredged. Quite common; generally drawn up in nets of fishermen. 
Chromodoris californiensis...... ......... Re eben Bre rer Eros UREA: Bergh 
machitandt S.654.<: Reena Cher aur yreuhe ahs Pee cet ee Cockerell 
DORON AOU tee ee Aeron a een tan hohe eee nn Cockerell 
MnIVersitatisaicc ee. 2 RAR MIU Ae HATE ON OE Cockerell 
A hte s TINA pAC URIS PEA ds coestr Hk RO PL le oe CAS oe Ane Cpr 
RC Pee ie olor 95 mney eS 8 Ogee Rae ee ST D. & B 
PRE rerio anh ae asta Laon ee gonna ars Lgotaed oar ons Cor 
ry SOCOMIMISCEU COSI So Ua itera te Berndt olen adie) oben SOO Se Dall. 
Proc. U. S. Natl. Museum, No. 1032, page 709. 
CFR SANA I Vesey tro Sov Re non HS AR AE Sama SRST TES Cpr. 
Dr. 15 fathoms. 
Clarmiureliaseannel ats oc. och lean hie esha tases et PE Aes LIS Le Dall. 


Dr. 12 fathoms. 


Dr. 35 fathoms. 
Ciao piOLaaDUN AGA oct cee: ona tise rt ea niersc ones ann oo San iiae ae Cpr. 


Dr. 10 fathoms. Live shells are rare, but single valves are often 
washed ashore after storms at Pacific Beach. 


liom ya amiatan ore eeeta ant gees rca gerl Aes, orient pga ecena st Raug. 
Dr. 400 fathoms. 
Romimaboiarasty 11s) -AUTAntlaca foci. kere schon; ameaeings Soe mene Nene Dall. 
Dr. 3 fathoms. 
SAUER L LUPE See ES ee ed Pee ceera bie ol Ns ARO De LAA RPE 6 Hds. 
PAS AISA Meret A a Ss ert sake nase ee semen oda mck mavernae eae ae Gld. 
Taint an tein ee tn ch neue ania wo cham roman heme atthe Rve. 
Demi Mel allie pees ac taser aa Sou w Mae nk oestrogen eens Cpr. 
UU ST ETE GU Bi ateamy a Re ar rior eee SERN ETO Rr EPSRC ices REMe nas aC atria Cpr. 
PILDCT OSEAN, ae. cad tect ode teense OF Da hist Mia apaciyte ote ioe (Sea cae s Cpr. 
WAS C ata ees ate does ae Me ies eas ae ep ic PARE Coote Stearns 


Dr. 3 fathoms. 


Comis <californiCuS.i0asc des iundes caste ode asus deuce sudos tateisee tp oat eee a eke amet Hds. 
Common, among rocks at low tide. 
Cooperella subdiaphana 2.7! samnycse oops ie atras eeege  r e Cpr: 


Formerly known as Oedalia, and Oedalina subdiaphana. Cpr.; 
found in mud, on flats, at low tide. 


Cor Diu An teOl aries jciecus ocr ta occ odd Cant s gina ores cy ar aes mene eae Cpr. 
SS AVALUTOSEA: Ath cde ena a RO HA a eee Williamson 
Dr. 5 fathoms. : 
Crassatella:margimata ys, css ausrsccnnay caevecrep os eee im sper etiea serena eens Cpr. 
Dr. 12 fathoms. 
GrassinelllatvarianS =e. a. csr wtarclectene aeweaaren tia tt lace eee tae CaBaeAds: 
Dr. 15 fathoms. 
C@renellas columbia nace see sic ce een aro i Oe re Dall. 
Dr. 50 fathoms. 
GIVIATICATA tose een tae rok car wale tee ne RS ee eee Orb. 
Dr. 50 fathoms. 
Crepiditla actleatais st See ee eee a ee re ee ees Gmel. 
ACT Caf) fae) Sieg BAe a Sate eet A eS ee ae ee eee Sby. 


This shell is found on the backs of other shells, and, like Capulus 
californicus, is marked by a beautiful pink color, unlike most of 
the other crepidulae. 


Roe CLM esa Ca aap hie nes dlnttau sist SOS ate thscchaa Ce er eae ee Brod. 

Cogs aba A Seas POR Bs oe on de es eee pansion potas .Brod. 

dorsata,var, lingulatasct 20% tcsmechaes =o ane re ciaee antege Gld. 

OX CAV GLA. Sata nhr rhc ncnep danas onion dc nkeate Wane lean ay earn eee Brod. 

LESSON coos o coe vacc cath o> huh rooted en a tae cee ee ee eee eee Brod. 

NAVICEHOIOES Fe oe ecunoduteneeen turns ee seer eae eee ene Nutt. 

Generally found inside the orifice of larger shells. 

navicelloides Var éx plana ta cin... bees. coc.ae ree eee Gld. 

QD YS steesncs sho bene ne Me ges AOA a caisie Pate Sean cc am tea gene et re Sby 

PUG OSA cies wrreeuscce  cuanies ein pet sjaiae/s scsi ote ele ars ety stale cre eae cree Nutt. 

Found in large numbers on other shells, notably on Bulla nebulosa 
and Conus californicus. 

MUSA LOL IN iScaten tame ee cese eter Seoseae Ugh st Recacp ate meena eee Lam. 
Crucibulum spinosum........... Ret er ra PE Th ge EA ee Tesh a Sbv. 
Gry ptotmy a californica eo. .tae0 8 sdesoqceceen cee teas Ramen eee ee ee Conr. 
Camingia Cabtorniea sen hs se cs.o cose sae ahta. 2 Sn enege eee eee eee eee Conr. 

Found with Platyodon Saucciatas, in soft sandstone, into which 
they seem to have burrowed like Pholads. 
Cuspidaria, Caltfornicas.c....awisdeuis sence sec aae tee cree Recent ete: Dall. 
Dr. 50 fathoms. 
Cylichna. albida...5. 25. 0.cc 205. tant tet A eaten ree ee Brown 
AttOnsaca Ural rerne vvsth ion ar aruaaena anee senna ene ame ees eee eee Cpr. 
Dr. 56 fathoms. 
Cy praca spadicea issn agew.ean$. dances even cee wet son gan tee Swains. 


This, our only local Cypraea, is found rarely, at False Bay. 


Cythara branneri 
(Cod SE Ws (Org IRN sha aC UES eco e okcar Ag MER ce ee ot ty ak Ie Ne ee oem Yates 
Dr. 50 fathoms. In National Museum collection. 


Wer val tinue Me <a y Omi .s\. uae dtage es. ales hake Sau eee ee e Sharp & Pils 
Dr. 5 to 8 fathoms. 
RUM SMOLIN Stan Ae Rate n tr Vermin cel? sans nd aol itn Anew tomtnng? Raymond 
Dr. 62 fathoms, 
| DP OAT COTEN gens 5c) eats a ea Sse RL ie oN <M Cprs 
MI MUt ict eSAN ULES Ells lor Bt aie aes ne Rank A weet chet aut ieea ne Ree eke Cooper 
AND ICON EAT Oeil rand ree inn AAU ANL tet at. pda oat 1. Matra etn g Gld. 


Besides finding this shell in its cleverly constructed nest of mud, 
with tubes covering the siphons, I have found it cosily nested in 
the deserted shells of bivalves, like the Semele rupium, with a 
cushion of the same muddy nature, which fits the shell and pre- 
vents friction with the hard walls outside. 


OPA Xie CONN AUN ate Sore Ne oe on rn ea wa ee lua sate ech is «as Sula a owes Desh 
CAEL Ce Larter Ne ee RE NAT. OF RBS BM Miah Ra eee Pa pad Hanley 
PRAM NOUL Aisi ethene So agente tet enond bu oh a Neate eaidy sarbaat eM RT Cpr 
HELV OSES) RBG KORA ER At Break es Sn ON ogee a ane ae ee Sea Sr eA te ee Burgh 
IDX) FRSC ES ASIST GR BPR ie ON aa ee en Pn co ROT i ye Mere s SUP Rae Cpr 
SHAG CUSIS hat opens drat (an em Aner a) eon Mearsesic. arn eat ce atone y Cpr 
CU Ng SES SED a ek oa a ae a CE Pe Cpr. 
Drillia cancellata...... Bee ire SNM oft 2 Sarit RAS ITs Oa ahs Sn see ASRS a Cpr. 
Dr. t2-fathoms. 
erie oaa eterno ate rk Cea AS niece Seg) arated) Oe ne far ee ee ae Stearns 
Dr. 4 to 5 fathoms. 
HALON S Aes Aer a ake nated gat ha a sts Mot ghd Po Sth eds ead MA RE Cpr. 
Dr. 30 fathoms. 
PULSE (DLS cee ecco ne ee ieee hm cahs tee er UN «CNG SG Tn Gee Ne cr Cpr. 
VBS 6: BR cr RAR ECP PEL eRe Mc ore Ege Gs Seek RENTS SAL Cpr. 
Found plentifully on rocks at Quarantine, among green moss. 
AMIOMECTEVCMISTS yaa Pere ce aee eR Mise eet nance Tt aR hen A Stearns 
PeMLCH ALAR ate eae are etc ss cs here ne oe as Pea sees se Cpr. 
POROSD reed tees seme ee ae oo at dpe CoD ah ea Cpt. 
SEY Al ae ANU Uta ra ets oe wc terete turer in a es oan acca Cpr 
Ppptice rian TACIT A. ven eae cs ae en worm ly oy np Berea Woeet semen & Cpr. 
VATNNAEN ters teh enh cy eats lier ah tare Somes aera ae aad See eee ee oe aa Cpr. 
Dr. 8 fathoms. 
EMV CAL POLI AU ele ore erorne Snes Pi emg ei usps or Meets eh gr AR ere sare Rve. 
Dr. 13 fathoms. 
tts em LOL OUl Suh eee tea sce aera vse, Stain Gheewmede aso ane e Dall. 
Fe GACOMC CURRIE Ll Cheer ibid le ord acts persis ada ny eELOUATE outes Cokes ites PEM aN o Mke. 
AGE LILIA earn yete aad pice Ga tak nancies aeiha carncem ans ran er ot vara mpeg ete Hds. 
Bi Wee Cas tlie dan het te cman reaen haters tase = Sayles park ae te Raat inc Mont. 
TON a lice Al Atal sed bin 2 are gotend ver ceiresacaiee tes it deg evict eae Os Ls Cpr. 


Dr. 6 to 8 fathoms. 


Bthalia supravallatane.1ceseccwsds pets sees ee ee Cpr. 
Dr. 6 to 8 fathoms. 
Halima bistortas eal eet eed eee sa Sr aay ee Van. 
Dr. 15 fathoms. 
{UISCOStII@ alta’ Ae ke errata cer Ee ee ae Oe ee eee eee eter Cpr. 
Dr. 6 fathoms. 
hastata sac datins een hen coed A bie eee ee ce Sby- 
Dr. 3 fathoms, , 
BIICANS Bae eters Ponta tee pide. des hark iisdesctworabeged inp Coeds waetees Cpr: 
Dr. 3to5 fathoms. Found quite commonly in shallow dredging. 
puitila Cec aewenrodsdaony he seer pans a pee eee Anon eee are aoe Cpr 
Dr. 2 to 3 fathomis. 
SOHCAri al A Wael RE AE ire ee ai are eee OnE C. B: Ads; 
My specimens were among moss on large abalone shells. 
Bulithidinnr substriatwumpaens vey e.re ee eee ce eee eee eee Cpr: 


A very beautiful little shell, resembling Phasianella compta, Gld.; 
var. pulloides, Cpr., but more globose and very thin. 


FKisstireliatvoleane x: 222 pecuash.-s-coneti: hee ee ie Rve, 
Very common on rocks at all points along the coast. 

Feleia balltsc vy tgen ce ek ice oe eed eee eis a Reh Gaee Dall. 
Dr. 100 fathoms. 

Basis kobeltors 27 & coca Pe ye en ce Dall. 
Dredged. 

Gait ate tila Ca aie xierete 5 wets fo ee oie ec oa = Ake See ee Sby. 

Gempra. Getitiata & 2 cata ea tenes ease soe etna cana eee ae Totten 
Dr. 50 fathoms. 

Gipbula-optabilts 25:2.cnuten uct. sed ap sas nok ces ete ode eee Cpr 

PALCIDICTA yw suat Suds Saye pues cb Scien a See eee Cpr. 

Dr. 50 fathoms. 

Glottidia albida......... eden sia aca tar ate aN ne cick tude tS Rees et Hinds. 


This little sheli in many waysresembles a growing plant; the leaf- 
like valves come up through the mud, while the long appendage 
strikes down like a root to support the coming plant. 


AUGCEDAT ELAR Sr act eee ae te ed Mea Brod. 
Dr. 12 fathoms. 

Gly phis aspera ....<c.<.:.1 eer Re Noe ek ee Pet hoses Ais eek: dae Esch. 
densiclath tata eA ace te Sat eee PRES ee ae Rye. 
WACO N ANS ae ds rae Pe ee eee Le (osc pedece RAE Ree MRR Sr aCe Sby. 

Haliotisvassiiniliss: caese Setrscs ances ce ce Oot Se cae SE Dall. 
COPCU CA EAE shee cater nacre Sanath: were th Coes Ney Se ey re Gray 
GracherOd tl ay Ataedete year tie Re ee ee ee Leach 

oe war .calitOrnlensiSwscasase-a eee EE ee Swains 
Splendens|s aes,wvs.fereeadaee nye ced orncgee Sere edad eee coves RVR 
=H. fulgens, Phil. 

iaininecamvesiCtla: anes ane eee is dese ohooh ee Gld. 


VITESCENS tyne, et Revere Se LS daet neta Um, eee ene eee re Sby. 


Heterodonax bimaculatus D’ Orb. 


This shell is found in a great many beautifully colored varieties, 
ranging from pure white to dark purple. 


1 SANTANA) EE aN RS RS i eer RR occa pene Gray 
Bett MOST) mV INOS ULIS ea erga de po aa ena Cec toe ove vans MAC oa oer odes oc eres Linn, 
SER PULOMLC SMM as eno ate. Wace NG ach hae PAA ES a Cpr. 
ETCH S cere Ta Se nein on ee Pace iho eeeeateny tne bechee ant ae eene Cpr. 


Hopkinsia rosacea 
Nautilus, Vol. XVIII., page 131. 
ore TO Ne belt Claes we tects, Cs Nerina iad ce tuns ets ate os eno Nutt 


This beautiful Pacific species is not rare, frequently being washed 
ashore after storms. 


| ISS a COTS ey GET ce ee act el i oR cy re Cpr. 
Dr. 8 fathoms. 
BREEDS neon ene ern Pa nth se Ol als UN rt eee ae Cpr 
Dr. 8 fathoms. 
HS Ge iO Cn IUOlre Att ALIS cf oa introh oa sSaqhupickenn ey ec ae ee RSE a ee Rve. 
EONSPICUUS cin. eee os es car as Sereda eth ietcieh ae RE ee Cir 
“AS AHSAN 20029 CG ES Ag ca RP a Ra SD aE Sr Cpr. 
BEATS LU GENS. tee asa vec als arse heise oes re HE A Sete seen Cpr: 
Pe Es A CMC LEN Ine oie Bae ees ee TON ee aes Te ES a 6 Fbs. 
=Siphonalia kellettii. 
Bee Milan eae OUS Ute maa once asia See eek Nee an gate Lop RUA ees ewe sere DR RECS Desh. 
=< WAT. COILOMU es scp hit og on eee ae anee ton oars hae ewiane pelos pa Cpr 
SHEN OCES gh COD BE oT a a ess eae A tyr ea Re mer Ue ah OP Mont 
jeaetinasolic tlayey +o acetate eee once ee Me nsae oh eae Lov. 
WAS CIAL Ate ahs | het a teks ean ae eeeee ae Scag as eee Rarecpr: 
f WAT AtIrantiaCd par cca cade nrts acces 1 eee ORS Cpr 
NW aribaeCoc kere thitaeseetcrtie tee see eels seeecehns eee amen seat las BA SAC CREE MacFarland 
Nautilus, Vol. XVIII., page 131. 
Paice WAtiaidie 2 OCNSIS nc ceo —sase: ore renee ns geome ee nares nee gente Dall. 
Rarely found among grass at low tide. 
SEG AEDST peer Cae ree eee Ho eh ae eee eres eee Dall. 
WAU EUS CANIOL ICUS 8. owt: fe tcrnynnae sn So nana tence Sas cmsdante Aeon iagen ae Koch. 
Dr. 108 fathoms. 
IDFRSSE THM Od At aca conmunctnaaracs oauoeTm BoC Odo ee UCM oON Sone en ee nent mmosucace. conde Mont. 
EV Ae SUD WETS. ets her em nena tear ries et Cpr. 


Numerous colonies of these ruddy little bivalves are found at low 
tides clinging to the rocks like a crust of little jewels. 


JUGGLE CBTOAIE) va depron spovadoada: Gsudusouuidanbasibadded 2a50 cu coSuchiola wactornansads.s: Hovley 
Dr. 50 fathoms. 

COMICS PIO MIS nape Pine an Buen vom sols Jaa eB v earvwd vn 2's Prdeeeaaatsammnarealteek sare Dall. 
Dr. 62 fathoms. 

PreuTid UGA Menon ecorct cs uct i rlatee waa | cavieaps Syecine aces nautaielectalms woes Pe iets es Cpr. 
Dr. 56 fathoms. 

CEPT lapis ae ee. owe ie Me Prd anaes Weeea aca re nee a celctueids cea ror eins Dall. 


Dr. 40 to 60 fathoms. 


Lepidopleurusmertenst scccs0 ses toy. acs ore ae eee ore Conr. 
FUL QELS aed, We phi tay oak tested ele hen Ra este Me ele rele eee Cpr. 
VICKEGEMCLENS Micke nar teccr ce etem one eee rae nenes bE mw Most, ee eae ODE: 

Weptot 1erce wii. .o0 sree te eres do fete ar eae a aera ae ae Ta Cpr. 

Leptoth yra bactla <.4...c.c0.cnneve pasa noes valarng nea ees ee rae Cpr. 
CAP POH CON Lec rgiv/on pete ce, fewest Atta aoe Oe aan prea ae geieete Pils. 
WAILCICOSEALA aire) ced ats es pede peer eae a eee nee ea rare ee? Dall. 

Lima Otieutalis sho). LA ee eee Ad, & Rve. 

Limatula sub ariculata occu Rab dsc ave ene ese eee ena ee epee Mont. 

Dr. 52 fathoms. 

AOE NAC hie MCI, consnnocsundnecesenoner sate teetih eee GREE ae hee eta eee Sby. 
SULUSUTIACH OF pie oon th ae dee eee ook eee eee Shee ee ee Conr. 

TAWA ACULICOStARA 4 os. jenaes a eben ce © mone corer eee ees ar coe ore amen Cpr. 
FEMSSTTALA 0's. fs dea ugh ae ved obec eect olas wxalecan ce i Rc er Cpr. 

Lithophagus aristatus,4.6.dresin, ds capes Mets ede eee eee een ee Dillwyn. 
ATLEMUATUS sac secchaeenin ce eaaieneee Sinai hancement Desh. 
plumittla rece Rab hasan sccund RNG HAC Ee hel be paneer ee tee ee Hanley 

This genus consists of rock-boring bivalves that are only obtained 
® by the exercise of much labor. 

TALLOW MA Plaga Kista mst ote scee ate one eete ECR ES, ae Ore Mice seme Nutt. 
SOU Palate 65), sve a fawn cee pyres Leta ah ae ate Met ects tae oe Gld. 

TOU SOS COATING TRL Sor esse eee OA eee eae aa ee eee Hemp. 

Wotttarciganted Winns foots ace treet eee cad kd ite ene kee nee eee eee eee Gray 


This limpet seems to love the dashing of the waves, and where the 
sea is wildest, there we find it in abundance on the rocks. 
Bucapina crenulatal ccc, x yeantans tapes tarden a wae Be eae ees ee ee Sby. 
The great keyhole limpet is at times quite abundant among the 
rocks at low tide, where its black, slug-like mass slowly drags 
itself through the tangles of sea-weed. 


Lucapinellacallomareinatariiccncaeges wear ec coe ee pe 
Quite rare, only a few specimens having been found here alive. 

[uci amarante serene nag id bese # Wa ee te eT ee ee Rve. 

Californica: Ace) cilcnacm en aeinl an eam oor ee ee ee ee Conr. 

AER SacI NGG fare ie Ute HUMP MEME Melk Ia Re er aN Poke te tS te eda | SUN Conr. 

Tea tia Me Wa Sty et Oh ks so tas setan cutee TRS sank nee cane eg ee Gld. 


Dr. 12 fathoms. A variety of the above is found here which so 
closely resembles Lunatia draconis as to be almost undistinguish- 


able. 
Byonsia; califoriticd ses scctivea sven cuctae casdoa perce acek ate ee ee Conr. 
Dr. 5 fathoms. 
inflata \.sge.c SS ARaieee EE LER Re eee eee Conr 
TITEL sigs i gouty vc ck cage valence fee aR OL 3 elo a ec Pee Clceee e  e Gld 


“USUI WEEE | STL 6) STR CHS Ct era ee Oise ts 
INCI C a yween: He ley a cntnhd bes ntl ei Es oe luce yee tl sorta Teena ese: Cpr: 
oh Mabie OMULTOSUEIS Hieron el miata td Oa eee ee Dall. 
ISIE UAS SRE) Shcrs ar ee URS. ee eee ee ee TS Dall. 
Dr. 20 fathoms. 
SMIGIGHN 2 8 cdoraced a Sete PG Re ecg eA MON Tate RRO fe ge AA ne eRe Conr. 
SSG oni hin c DCA a RSG Ee eo on oR Ran Pen RG MOET ran RPI AE oer a Ree Bene Conr 
WOU h Ce) Aste Sa RA aS Oe, eR ON GRE OD ne Oe Oene Sa” Ae Cpr 
Dr. 20 fathoms. 
1s EXSINE Ss tel SIG CS BCS Pa rene cr Re cee ae A. Ads. 
Very common on the moss-covered rocks of Point Loma. 
EMC aC MECAR Ee eit nit eset een ee ee ke Luk hereto cio Conr. 
AGIA errr NtS eee tered e tet one eet cece eae heehee Faas oo ae, Conr 
PAL COL Aah we a Rare SRI Sul hs eA Meal NARS Kya Sp LE Ae Te Gld 
NA SUC a ema xthret eas trae tn SS Se actors noes banks enh Sates See Cre Gld 
IAP Be ICS Eee 8 NUTCY nk 1 oe eg OE at am IND OR Me RET en BL et ee Dall 
Dr. 36 fathoms 
LED CR xe ene g CRORE eet OR iN TERN ARS catty te Oh ee hMrRat em Mase Dall 
Keep’s West American Shells, page 23. 
BVA ALOU MAAN OCU LEA rae datiotan de Su gerantanniehen Pere toe oo wie Be Se oe Loe ena Cpr. 
Dr. 10 fathoms. 
PSR OM OA UA Ge tase kn neuen: oe cya eee Fate Dice 5 ete eo omtes in. Saye aats Cpr: 
DATA tars. on.std 3 See. bay ahi aha ino eA cee eo cn! pe Rae 
PRL Ip Cleese et Meteo ciseacect ae asters rhc cin en Ea Rg ean eee tens Gld 
Dr. 5 fathoms. 
UCSD apa RN era ee PLP Re oA TORT R OE we Ee OSA Gor 
Dr. 8 fathoms. 
ci Uh ne WHF 0 een lt aoe pe ane rc a eer ae AER REN vy SIME TF OP Cpr. 
Dr. 5 fathoms. 
SENT p81 a at a era eS Vicar Rng ey ee rece Cpr 
Irene eR ay nti geo hese pes hes sas ince seamed Cantueres cease Meceien Cpr. 
Dr. 6 fathoms. 
j BMI SNOT Cub CRO ge es ore an Sr Ne rie ae re CN re Pa Ne ee Cpr. 
Dr. 5 to 6 fathoms. 
ROD LAL is week rr ee en mashes reste stesso? 49 Ocoee rns Se PRR Os Cpr. 
Dr. 3 fathoms. 
WHE Dee Ae = EY OE PRE DEE er GR eR DOR gee wee Pere a eae Cpr. 
Megatebennus bimaculatus....... PN CON, Lacie ate teen aan oma Dall. 
PRCT ACEO MST OMV ACCU Sie cy ati crete: Ge Wow secninacd seme e Phtavenens teas ptcsbeaese Cpr. 


Very numerous on ‘the salt marshes kept moist by high tides, but 
seldom covered by water. 


Niesaliascalitontiicamscrse soto th. oe a ronnie oe cane eee SA Ge Aaa Dall. 
Dr. 52 fathoms. 
SU OUTER enon Gee Ber een a caccaater es nee areors Conrad Cpr. 
Dr. 100 fathoms. 
DESO SESE ROLE? © aah cc SBR CR UACRE CECE DDD an tOn PC? Sanne ee PRG RD CC Cor: 


Dr. 3 to 5 fathoms. 


Metistaltaccatenatacudh. ae reine ae eee ome ecnaae TD ee ane ON Conr. 
Formerly known as Lutricola alta, Conr. 
Mialne@rtarini nittia.s s: seseo cre eee eee Oe eee ace eee orate Dail. 
Miodon, prolongattis.cqcs, 20% ep secccraom care e tate are eee ee aa Cpr. 
Dr. 50 fathoms. Proceedings of U. S. Natl. Museum, Vol. XIII, 
page 217. 
Miraldiar californica. casacencc.coneiee eee Oren eee eee eee DAB: 
TOA Dil Siete ae iene cs aD Ms cdl Ate Vogts WRN ane eee Crp elds: 
IN Gk cveee Way 10: bb gr: Preis a ep ee tpt Oe WaT a Se BS New ee See ee Eee eR Swains. 
This pewueital mitra, only rarely found alive on Point Loma. 
Mitromorpha aspera... esnsicevn adisc sos cen demmemnatar siiteas. tecace ieee eee Cpr. 
TOS 8 ces caver ois. as waadanse ee relvaualgetaeeernae echo a: eee eee eee Cpr. 
Modiolus eapartra cgi i. trsai ve cine ioe Ge cate oe oats ea aie re ar ae aoe Conr 
OPPO ot fase 5: oth cae se yes ate bap aetna eegeee ee teen ee Say. 
POTLEUIS Sains e yan’ oe sade vteadtvits chemo s ele deci haem aca aR Verrill. 
Dr. 56 fathoms. 
TECCUS ee ens Meee a eee emer AE, Cea dias Deis I, ae Conr. 
NONia MACTOCHIS Ma ae ee eee nr Sere Desh. 
Formerly known as Placuanomia macrochisma, Desh, a rare but 
% handsome shell, showing rich color markings. 
Monoceros engonatum.......... SON Ee a Re PP sed Bee tee ae Conr. 
Found in large numbers among rocks at Government Jetty. 
engoralum: Var. Spake 2.0ee ce cede eascde~ ete eee ae ee Blv 
lusubrestiisccoo. ie eee ee eee: se ee ee Sowb 
patrcilira tina foe reer eae ee ee R. E. C. Stearns. 
Not uncommon in shallow pools, at middle tide, at Pacific Beach, 
Mopalta-hindsit;Wat-24200 S250) Saeco Seca ene eee ae vz. <a ate 
TINWISCOS BY acahrcc che seraz see itera ee aa SIC eT ee er eae Mae Gld. 
Mumiolaycineta< Mac sek hea ee Sn Ee Cpr. 
tT CUA Bee Seach eae Race tice ee eer ee De Folin. 
MOTEX CArpemtetis.cccemsvanicd teva Ana cee ea Perec eae rege ee Dall. 
Nautilus, Vol. XII., page 123. 
DTM CISUS Soe tl A SO Sot eS eee Oe Brod. 
Erdal atts sees anon eae NOs ae ee OT we ee Sowb. 
Rare and generally covered with green limey incrustation. 
Muricideabanbarensis ye. ee eae eee ee Gabb. 
fOVEOlat aris sais se back Bayar ee ace ne ae a Hds. 


These are rare, but a few fine specimens of the banded form have 
been found near Quarantine. 


Myailimeria suattallines ake oe: vidh'ou Sas dececat te arom eens a: ee Conr. 
Mytilus: bifurcatuisn. | gacckadkee ance mink ee ek ee ee eae Conr. 
Califormicd’s 2... sic sesusase george os eee Ce en Conr. 


Myturella simplexs.ccccc Si cuveatde cyuheces cane sO eee ee eee Cpr 


ITEM, COG) Saha 5 a a eet EI ea en Sby. 
MIAN Ale eRI CINCO TCA CS ico henec ts od mere tanta moO bo OE nee Gld 
OSS ER SAE oes Meer ier a Oe ne ee pstotante axes ane Bees HN Gld 
HCE! CUA OTGTE Gtr, Vn he a Ce a cielosee ecomen, Cpr: 

Dr. 56 fathoms. 
fee PONS US eee eee nee Sore inne AC «etre Me aly Hds. 


Very common, showing great variety of color, including some fine 
banded forms. 


COERTN Sec ces Sar eR Ore a ME ON Rve 
OS EAS SUES 5 eh TVS) FENTON 7a a no mR Ceo” aro Pils 
EME LAG Oar t a CAL WORtD Ile cece cae alo.) goals «andes acciden We. GOPAITE REG ots Sby. 


Quite abundant in rocks at La Jolla, but so frail as to rendetr it 
difficult to secure unbroken specimens, 


tame LZ TAWA ge ed Sate ce Ra saeke an on unian eca dee CAs totwe SRS: ee Petit: 
INS EIS IIS) EID Gs 5 oe ec a Oe nN BO iy oR ee Sby. 
A beautiful species, generally found in the ribbon kelp that 
fringes the reefs on Point Loma, formerly known as Trochiscus 

norrisii, Sby. 


ING Cia ellOtites tine ce cn areal nese ee eicane es RAT RASS st ie ERR A. Ads. 
Dr. 52 fathoms. 
SASETEMISIS ee ee ors nat Gat Meters Pe etn A TEER ee Ge Hds. 
Dr. 60 fathoms. 
TCA Meme HONS Reh GLB Tain N Sia cho aid Ne rie aoe Cus sae ceaatie dat Rie me te Sby. 
Dr. 15 to 20 fathoms. 
Dreecesriilae MMi Caen taro i. ate ance ten eat kee sasees ROA Rt RerCn may ace Cpr 
50 fathoms. 
INMACHall iam Lito mid Casco iate nid nck coe eeece aon erent tcc sros cies tamer eerie Nutt. 
QE SY ae ac eat ae EC ROIS LCI CAITR CET CEN NE I eee FIRS Oris a apt Gld. 
@MBeMSCUSECOMTCHSes here ieee eat eae ee ge es C. B. Ads. 
Ocinebrare ne winibext amas 5: o-oo ee ate ra TRO ROE crea eee Stearns 
ve WATICLYRAUTAN tlas.ee vases chat econ seer nee Stearns 
CEN 1 any dae aa ee yA See CS aioe ergs SaaS Oars Stearns 
PU OE MOSS Ae Rr Mena k sas ees corona atte eek ena het ae Cpr: 
s Vab wat LOpUr PULEA) occ rcee sete eet acs eee ene eee Cpr. 
; WAt SIMILICATA Meneses ren hore a8 ie res tea eeat ore wets ena NeeE Cpr 
(acl MeN eta ta ted oust pr ee: thn Beck n tnt cas vbnns eccrine aun tees Dall. 


Dr. 75 fathoms. Beautiful specimens of this rare shell have been 
found by the author ona rock, hauled up on the lines of fishermen. 


(Oe RGN GY, BS a dake ce a cree Se en Gree). tc eae Pa AvAds: 
OUI SC Ut g ety raae noses ace ceh gen «tacdan sl obinemialtan SMCee Socom tat am « Cpr: 
SLO PHS ME ICEALUS <n eneacn. waybecancete ide -weoses cnaase ge eenteaievanesenns Fosebs Gabb. 
(Gia@zojniy Gh Geo 200 @ RAR Cer UR ane iene TRE in osc Sose toe pro creen an homeostasis UR sedeys 
ATH CII CAMA acl poy cain spoieceres anaes PERL den caters Mearais ee sate Sone Doc B: 
ICES REO AS 9 Re a A rene ter Ger RCE ac Scr seers eee D. & B. 


This species and the following from the Bulletin, Southern Cali- 
fornia Academy of Sciences, Vol. IV., No. 8. 


Odostomia Pram Matos Pla wesc ory vender nes ents owiehe areca ee eee DgdcoB: 
OT AVIGA Meee dese > ropneh asd eu sgt de aeons oo eee ee raed Rene Gld, 
MLONtELEYEUSISH adr. vnc: sutra senen ee caenee tak sere Me) Cer on oe 
ALUCTIOTIIS.4.5.5 1 sioe -e comoneeanienand ph aves eae Reo ae aaa eee emer ee Cpr. 
Subturrita cei a2 ote Gaile itn eee eae a lL): 82, 
COLEUS iss Sadia sds, Danes ba oe Poa a oad ae ne LE ee eee ee Cor 
CEMWISCUL LAL VAL ey cewc ee crise cae tae eee ar ere ee ter CPE: 
[qregahsoron batt: Pek a eam te Sicnae tye hr: Wc Reig actgctee eae eee eee ei D..& 3B, 


These minute mollusks are generally found in colonies, among or 
under rocks, at low tides, and in many cases cannot be deter- 
mined without a lens. 


Olivella- Diplicaita torus. weaken eteaee cttee aly erence teen Be) Ss E- 
Often found in great numbers at low tide; the colors ranging from 
pure glossy white, through light and dark gray, to dark brown. 


DOENICA Si Roe Re re Pe Oe Ore eats igs: Cpr. 
TIC OTER. acc total uetecis oer oe ance are ete ao Dat een eee oer Cpr. 
Dr. 12 fathoms. 

Oiamastreples: Clas. ey yelepoaeee oye eee ee eee sete ae D’Orb. 
Omphalitus tuSCeseen Sei ocsigd ae eee hat ap et er oe ee eee eee Phil. 
Oscilla aequisculpta ee oe eT er eee a ee ee a, ee Cp 
Tasculptas: AT coh ee Se eee Be ea tn a ee oe Dok B: 
QSiTea Vaart at eh iee on altena scr viet ogeiadaa was men eee eee ae pE 
Comcbap lila» jes. ceed ely zo ea ere gee eee cea Cpr. 

Turia sakog evo tavise. wal snd letaces Patents eeu Nese ae ee ee Cpr: 

SH) EV AE. OX Palisa su ls.ds ce scsatre Ory cae accel ae ee ee Cpr. 


The various species of Ostrea are found in considerable numbers 
on rocks, bottles, cans, pipes, and timbers, at low tide. 


Ohice eleoketa lene y Mihe, loidohdo Scene pao isaas posoteendt. cotese tracse Bocce es wax Dall. 
Dredged. Generally found on a species of yellow gorgonia. 
RAN OP CA, PON CLOSA vey assed co aera ia coya cons. URNS Seat ee Rice ge eee ee Gld. 


Rarely found; burrowing in sand and mud to a depth of two feet or 
more. Formerly known as Glycimeris generosa, Gld. 


Barapholascalitornicand a: cy 1 icecream Conr. 
Pathe tata mi van Caio aoe Arccrwsie arom sacar kone ae ey Dall. 
Pectem aequisuleattis...c. 1.1 Sgr Miche A Se i etre ata Oe Alcecattgt ie Cpr. 

CIC MOENSIS aie staan ieceee eae cA nae een ee ee Dall. 


Dr. 8 fathoms. This fine species is occasionally pulled up by 
fishermen in their nets,and formerly called Pecten floridus, Hds. 


Patiia writs relia eee eae ea es oe eee ee Conr. 
se Vatu PANCICOSTALUS ctx Musca: teen. cee ee ee eee Cpr; 
NUON OLIMETIS See ene eee nn eee ee Pe be DIOLS Lally Pe ete I 6 + Conr. 


These two species are very common, sometimes a single kelp 
plant having hundreds on its leaves. 
WATICOMUVORENSIS 95. ccci irc ir cee emt ae eg ee Nise Pine Whit. 
Dr. 50 fathoms. 


HSSGA DESH ULStLICACOS rete. face wera Ons sos acne cake ae taeaee wn Jo GaCooper. 
IBEW CS RS et ee re ah as ari rg ora Te SO ar oc Cpr 
Ae PEPLOMLOR AL CNCALLAs: eater ket tee tee ten, ame ny Mele Cobh, Conr 
Ble Cl oie emis ee tae Et Gee ON ak sihenas uh ke tin oar tee ere os Stearns. 

Dr. 10 fathoms. 
WCU Olan ATGICOl CES cecr alte cerien Meee) a hails. LER aed ce ae Me Naas Conr. 
nt Vale CalliOnniCans ecm caus eee eee eee ee Conr 
CEI ICAL Aa eect nna keds olen Metinides Cree a ih Ee Sby. 
Wie MORI COS Ane c Me erin on cet 22h oae Cha ain Ses yeh eel der eiGwen LIES. 
PH ACOMMESIAD PLOK LAE O wage. has seen cacvraneme eres Cann. Ae won oe ate Dall. 

Dr. 12 to 35 fathoms. 

Ca LORUIC US kiceer st 3 Bante ei ptr ehe Ruan vid inter ern eae Conr. 
PACU LOIN Laer re ten eceneas Gana Menage, see A eer oe Gabb. 
tenUisculpta ts .e cs eke: Eaten SE re tha ph nore Cpr. 

Dr. 4 fathoms. 
EU UE NSCENE TS We Say 000) RS aI On ee RC tr cree ery ce Ace eee Rane Gld. 
pie eV AL an DUTICUUIACA Gtioion. ance es at eesti) seam Eo Cpr. 
PDULULG ICS ager cree es ek cee et Ae hore ne gene eee ae tls Sas CDE. 


This pretty shell can generally be found in considerable numbers 
on the grass at low tide. 


RPTL PV ARS ELOS AIA o isc cy estat oN tani e<ioes b1c. be Ateons oo aun eter Cpr: 
Dr. 20 fathoms. Also known as Bryophila setosa. 

Es he0" Wate Wire PE Pe NCO (a Le: Rasen ote 8 MRR Pg mci IE rhe Al i ran AU A PCP Gld. 

POH Ames sneaky Daten erase a Aap ae aiees ee OTS, eas Conr. 

SAV Ne Rata me ee nce ome ae ee iat fue elastomer adie Coenen Stearns 


These fragile species are rock-borers and are difficult to obtain, but 
make pretty cabinet specimens. Found near Quarantine and at 


La Jolla. 
TEES EIS OVENS SCRA BO a ony aera ME haere ot RE rer Stearns 
LAAT Aman OMtOleSRee sa <7ce © eerie eee Ce re ere eee Scacchi. 
Dr. 50 fathoms. 
PU AtN OM OUsCATICE MA LUG. wera Aressh Suice He mend woe ae sto otra pA See hEOE ES sal oon Conr, 
BECEOCOMT SCADEL sete set haya rcs soos < Wie Miva fe Stttons ale Semin PARI aes oes Cpr. 
Dr. 35 fathoms. 
Pleurophyllidia californica........... Sa HAL Gh g SNe ve FORE Re Ph eet seeaeiannse « Cpr. 
Pleurotomacarpentériatia yc otiahcceuns seoals eevee eee eee Gabb. 
Dr. 60 fathoms. 
re OI EVA A Be pre Br ee eee Ine a roca rieh aE Eitan? Shee Raymond 
Dr. 60 fathoms. 
DELV ELS Meier r ahs) eeeeetag de ra) tatersrede Mawibes rise t dion TOUR AE Cee Gabb. 
Dr. 82 fathoms. 
SAIC AL OS AIA Tae eee eae ce ATE nee eee OR ee TOE ie aloe tare eicuicrer Dall. 
Dredged. 
SEOALNGIATIA = edie cd tite AeA Gee PMN 5 eC M as an chee oe Raymond 
Dr. 25 to 40 fathoms. 
EEMOUIANA. corer. cs aaa stsee ss neha ete Suis Soi eT dol Ue meee Gabb 


Dredged. 


48 


Pormatalax® wadosts sais fa dincaicas elem on sees mn dene cate eee eee Wood. 
Ir. 7fathoms. A large, rough, eonical shell, often thrown ashore 
after heavy storms; frequently carries smaller shells among 

moss which adheres to its epidermis. 


Pri€ne OLE QONeNSIS stcirweaetescey Sera tev eee ee Redf. 
Dredged. 
Protocardia.centiitlosa ss... 0as. css ev aeatieees ee sie ies Ripa te eae ee ren Cpr 
Dr. 50 fathoms. 
Protothacalaciitata tari. ecient Oy cate ee aa meee er REE ate DE 
SUAWIITIO A. cae spUaeesoaivon aed oe ete ier eae eva Te oe ne eee Conr. 
CONST ELA escte ct ener coke od 23 eee k oe niepre eae eaten Nain aie rare Cpr. 
This genus was formerly listed as Tapes. 
Peammobia: Cdem tla. circe oe are cece eee CaL ial Ine mere Ae tees nee Gabb. 
CALIIOLNICAL eter er Ee REL Sem L ot hs MAS Ly Orie ie Cour 


at False Bay. The last species has formerly beer listed as 
P. rubroradiata. 


PSephidia: OValisjc% a-cadh haere igh van oxen Oe eke oanetede nay aan en eee = Dall 
Dr. 50 fathoms. 
Pleronotus festivus tenets, leh eee eh ce ee, ee Hds. 
Pterorhytis foliatum ............ sbi, Coa aldara oka ate ear eee RRS a ee Gmel. 
Mt CAL Th ri, oc fee eee le ee a a ea ee Conr. 
This genus formerly listed as Cerostoma. 
Punctyrella Coopetinvsscs cect aioe cacracts ee ay eect eee eee en ay Sed 
Dr. 56 fathoms. 
CUictillata Serene hts ea, toma roe PRE Sree Arnie sso b Gld. 
Dr. 56 fathoms, 
Purpura muricatala., “ve -<.uceme os ete hae atone ee ee Ey eee Hds. 
OSCUiM a). Sax skaches Met Bavoss Gaus ured WMS on eeey seco g ee Oe ee Gld. 
Dredged. 
SORICOLAY Ais. pret odes cag se dee tens oo oes ti ern ee Val. 


This species found abundantly among stones of Government Jetty, 
and furnish a fine illustration of variety in form and color mark- 


ing. 
Pyramicdellacealifornical csi sdu.yeanieeccewae sees eee ae ee Ds, SB: 
Rictaxis punctocael ata. ys rnc ueekc te cee aa ns Cpr. 
Listed as Rhextaxis punctocaelata in Keep’s ‘‘West American 
Shells.”’ 
Rissoa aequisctlpta :4. 205.0 soothe weet dattiees een hee eee en Cpr. 
COM PACA Lae en Fh eRe Rie coca eee ee See. Bere aren eC DE 
Rissoina: baker $2.5. c sacs ew ates co onan eee ee Bartsch. 
Nautilus, Vol. XVI., No. 1. 
FOISOW hen Oib state ohok a eta catia. asieOuuh Cee re eho apis Coe = ee nel Dall. 
Dr.7 fathoms. Nautilus, Vol. XVI, No.8. 
Rupellarialameliitet arte wicrcs ose eae ee nee ies die AAU NEA Se aConr, 


Dr. 8 fathoms. 
Sangiuinolaria Tiuttallics., Beccnet eure. ck soe cee ee Cour. 


Oa CavararctiCa... a. eras RO PML Rae ac nde Da a Met Min et OR nn tet Fas Linn. 
THUS OS Aes ee eae Ee RTP ee a ete eT re Bae Sc eas Linn. 


These little bivalves, found among rocks, are very irregular in 
form—no two seeming to follow the same plan of structure. 


aria One ae Chul Ulmer eres then, miterse 2. Madera vatise kev snes oe gomeetes Meme Conr. 
The young of this species has been known as Saxidomus aratus, Gld. 
De a Daas tt iat an. wacams sions: cane ar catnies ancegaaae cass ee an Roe a. Cpr. 
Dr. 15 fathoms. 
CRG DEI COS tata aril ge a ata Maer aa aM ide Hk eee ve Cpr 
Dr. 20 fathoms. 
REIT ALOE Soreme Attia sy ens tree eae hn Moat (Paap A Ear A ER ee A Chr 
1 VEENG SS FS ies CN gs ERP eRe eR ry eh re ae gene eS ee Cor 
SRN SECA Baten cus cathe, deer ts ot Cpt 
POMC tester escent tye, Wak nce Nera ees ote ti MA eee ee Daal 
Dr. 40 fathoms. 
sawinae ....... BS SEC ROR eee EE tcc SIM OE Cate et Aerie EN er Dall. 
Dr. 55 fathoms. 
SCISS ULE ll ae lee] SOI mettre ice rete nme yen aCe ne Ene 55 goes! Dalit, 
Nautilus, Vol. XVIII., page 124. 
SING HERA Set ae nts ae eh RM en ur emcee PN OE og ve at Reeataaeh Cour. 
MOO ELUNE hail ic hoy esther re Sx i SP RS AR sel a ggl Cncea te Cpr. 
Dr. 5 to 10 fathoms. 
UIC EN erly otis fat Nts Sic AT scanty Vee ke Aen ena eee ake Sby. 
Dr. 8 fathoms. 
GS ST sear roe NES PA TRO Ra Aa EER ye ee Date 
Dr. 3 fathoms. 
JOSEP RCY 1 Bg toate SR Pe Aaa eAe en ence concave De MR ep One cores Sby. 


Fine specimens of the last species are found occupying the deserted 
burrows of rock-borers in the rocks at La Jolla. 


Sea Ae MARIN ECALUIS 508. 2.0 -0e fons oe tad eve xa ne tecaia meee tua, Sees Gee eset Rve. 
Se PMlMED IS SCUA INI y CLUS o-oo: cea Gee nm ryeu ma ite tole eed ag SE nak cpiye ots Cpr. 
Der milena GMlOM a 12200 oe winite tase bso aan enor art maatanas Uae EE aa ea tees Cpr: 


This interesting little bivalve was found by the author nestling in 
the mantle of the Ischnochiton conspicuua, It was listed by 
Carpenter as Pristophora oblonga, named from a single valve in 


1866. 

Rie aReL US (UG Di liS ae oie Cc nrsee hee dastees cums aretetsaOtpene dpm rernene te ay pees Gld. 
SEU SOE By RSV Pe oes ihe Ros eer errata aha cce > aoa earner vice aoAs Conr, 
Bumcc ental iit Usd rilissALQUl cr.ta. tates oceans eee een aoe ene orate Cpr 

Dr. 15 fathoms. 
SIG Ha Lit COAT NL aher Pi ness Bt ee oAtnns heros ine ho enans sndk CRA een CoE ees Phil. 
Sela ite Nae O SSO UT 225s canwncge Noms aederearee spun ane uoe eran am Re er rae osae! Dall. 
BLVD ete 2a es ew Mic ences Ceicks 0h OP on = Ses ert hanle gcd res Dall 

Dr. 400 fathoms. 
PEEATINAD ILI Gri terse At o> wuld edngwewses sxe cee CRA utente: men Cprs 


Dr. 60 fathoms. 


Solemya occidentalisic go: 35 csvcensi anderen oe veiesn cakes sieve am aenemeiee em aaa as Desh. 
Dr. 50 fathoms. 
Valvurlusycaven Siac: we begd des aoees eae eta tae ane ee aha, SPT, 
Solen rosace ws fi laki del! Saracen elentes see cone ae er er cited Cpr. 
SUCAT I 1S rei oo ss gid a PR ee Poin BER ceed ee op ee eee Gld. 
Splrenia fragilis 2.2.5.) sos ecsvee oc cateieay sear awed eee ade Merete eee eens Cpr. 
OVOIDEE. 5 cneeneoe ato hacaii en enacietp omens es aRa ry ee Rice ne ee Cpr: 
Dr. 5 fathoms. 
Spirogly plus -latwellatensna es get eae ee TE ae ee Morch. 
Soistlar Catil ifOrwisiy soccer sscese ayiro roe ies Soto aioe ene eee eae Conr. 
Heth Phillie evi de-.cves terete const tan < aije ened ke pee ee ae een ee Dall. 
PlanGlata ie vowed ares tad cede eee naka Teme mee eee ee Conr. 
Formerly listed as Mactra. 
Tagelus caliiGrnianus)., 25-0, cc oyeceas shutey sp sone | tee ee ores aera Cour. 
SUDtEHES Fae ctee inebitln once yeeros oe ee Rate oncy Perot eae ee Conr. 
This genus = Solecurtus. 
Tellimiy a tamiidataxicetaent: concn cote cee ae ape ne ee eee AS ue 
Dr. 51 fathoms. 
Tellina bodegensis............... ee PgR Peet EN TES ary ot PUTED Lek EOE Hds. 
MD UECOU bees 5 lees oonry andes Sees soe eee ace ae Bs eee Dall. 
Dr. 5 fathoms = Angulus obtusus, Cpr. 
catpenteri...... Soiree dciage Reon tia alata Sh ds aes ereaa teers eres cae eee eee Dall. 
Dr. 5 to 50 fathoms = Angulus variaguine: Cpr. 
lamellatas.v tcc dnsees cnet canes teens eae: tetdee eeeere easees seeseceeeaee Cpr. 
Dredged. Proceedings of the U. S. Natl. Museum, Vol. XXIII., 
page 301. 
TTIETO PSIS ie oes kates coe eee cu Seth suena oh Sate ae oe nee vere ere eer Dall. 
= Tellina gouldi, Cpr. 
SANtATOSAE. ope aasewtee ume ee oat ae eee neie one eee seins oa obieteee sie ryetee Dall. 
Dr. 12 fathoms. 
‘Terebra*specttlatarmacas ys test hos seer yee eee ee Hds. 
Dr. 10 fathoms. 
‘Perebratalia occidentalism:.-cc..+- tor. ees ots FO Pe, per. Dall. 
Dredged. 
LEANS VETSE ii. Se cee oO ates cine cic ns srohe Meet an aca ee Sby. 
Dredged. 
Merebratulinacaput.serpentis....ccwamrc sean Meer SSitaet pee eee Linn, 
Dr. 50 fathoms. 
ss Vals UN ZUICH lai issu bee eee ara eee ce See ea Cpr. 
Dr. 20 fathoms. 
Dh alotia: Cafes sar sess Gdedes testes Gouad coe cess Conse ae re eee ee ne eee ee Gabb. 
Phecacera iveloxscw.2.ce st Geenneds a. eee eee ene eR Cockeaell 
Journal of Malachol, Vol. VIII., page 87. 
Thraciaicurta..) saccdacs sacs. tceene cue ya enue sararee oe ois eee re Conr. 
Thyasira bar barensisiyc nu sc.be. coerce su ces nsicontos chee eee Dall. 


Dr, 56 fathoms. Cryptodon barbarensis. 


20 SOSLEPS ATU COS a Cri eee a Oat RR grit aL att a eee ee ce Mawe. 
= Pachydesma Di mesa resides: Conr. 
Ona ACATIa LAs we an ea mee Gs Mela ie, We ceace, wr Giese | hediucee Cpr, 
GeLeal sree ne fine Senses) rls re HA ce SOR Py Sc Gld 
TEASING SINE RS sae err Ae ee at tng ene eA a Rd at PRUE Cs Gld 
Dr. 3 to 56 fathoms 
DSU een ar aoe ge Ge OO a Ae ae eae Baird 
Dr. 56 fathoms 
LIN SEER nk hors moa aa Rey Se LL tt TO A Dall. 
HAYES Aer eee ese eke Oa oh nS Rete A a eee ha Mette on AS Gld 
PURIVAC A eeacech ccais Fe Ree ne oy Ste NEN Gree RT ene Cpr. 
PEAT Peal CONS AS arta eels oa nev woot fois aN Gah GEA secre ae oe Cpr. 
BRAC CEE NTONGCORUENS-25 fi shoal Satin ott Loto avuneattanimesone lovee Gld. 
“TIN ESOL TI EES ee |G eae nd aT See ea ee A Ga Gld. 
Dr. 10 fathoms = l’sephis tantilla, Gld. 
Tresus nuttalli........... SSR Nace CELE Wark hye PT ars HOR Pa ey Conr. 
= Schizothaerus nuttallii 
BURT IE ACEC SO Be enh oro ete. ol cea ct vst ed Saher aun ene onieen aem ln Mont. 
riegiia DAMMET Aces, fics: et ee Nene cre ts ae cess Ie arene ane cee gee Cpr. 
SIRE GS Oa OSA Cae Uaeeiaecet coer een y St eet Seno 5 EMG eR INE LC 5 8, Gray 
COME DANG W's Career ence ere PR Cag OR I cP a PME SCA a Se: Gray 


This beautiful shell is rare, but fine examples have been found at 
La Jolla and Point Loma. 
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SAXICAVIDAE. 
Saxicava 
Panopaea 
Glycimeris, see Panopaea. 

MYACIDAE 
Platyodon 

CORBULIDAE., 
Corbula 
Plectodon 
Sphenia 
Cuspidaria 
Neaera, see Cuspidaria. 
Cryptomya 

ANATINIDAE., 
Clidiophora 
Asthenothaerus 
Thracia 
Periploma 
Lyonsia 
Mytilimeria 

MACTRIDAE. 
Mactra 
Tresus 


Semele 
Metis 
Lutricola, 
Cooperella 
Vedalia, see cooperella. 
Cumingia 
TELLINIDAE. 
Psammobia 
Sanguinolaria 
Tellina 


see Metis. 


Heterodonax 
PETRICOLIDAE. 
Petricola 
Rupellaria 

Saxodomus 
VENERIDAE. 
Chione 
Transenella 
Psephis, see Transenella. 
Psephidea 
Cytherea 
Tivela 
Amiantis 
Circe 


Protothaca 
Tapes, see Protothaca 


CARDIIDAE. 
Cardium 
Liocardium 
Protocardia 

VERTICORDUDAE, 
Verticordia 

CHAMIDAE., 
Chama 

LUCINIDAE. . 
Lucina 
Phacoides 
Thyasira 
Cryptodon, see Thyasira. 

UNGULINIDAE, 
Diplodonta 

ERYCINIDAE. 
Tellimya 
Lasea 
Lepton 
Serridens 
pristophora, see Serridens. 
Kellia 
Chlamydoconcha 
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Lazaria, see Carditu. 
VEUTITO ETA eee er cnekon crs cee 
Venericardia 
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NOTE ON THE GENUS HALIOTIS 


With a Description of a New Variety 
BY HENRY FEMPRICE 


The genus Haliotis consists of quite large ear-shaned shells, brilliantly 
iridescent internally, and when the foreign matter that frequently accum- 
ulates on the outer surface is properly removed, most of the shells show 
a highly-colored exterior. 

So far as we know at present the South Seas in the vicinity of Aus- 
tralia, and the adjacent islands, appear to be the metropolis of the genus, 
for there the greatest number of the known forms are found. 

Woodward, Adams and T'ryon recognize in their works on Conchology 
about 75 species. 

In the later monograph of this genus by Pilsbry it seems that there 
have been described and named about 150 species. Dr. Pilsbry recog- 
nizes among them about 60 valid species, and 14 varieties worthy of a 
name, with several that he could not identify by the descriptions alone. 
The rest he places in the synonomy of the others. 

The geographical distribution of the genus may be summed up as 
follows: Australia and adjacent islands, 30 species; Ceylon, Mauritius 
and Eastern Seas, 3; West Coast of Africa, 1; Cape of Good Hope, 3; 
Cape Verde Islands, 1; Mediterranean Sea and British Islands, 1, with 
two varieties; Gulf Stream, 1; Galapagos Islands (?), 1; Cape Horn Re- 
gion, 1 and one variety; Philippine Islands, Japan and China, 7 or 8; 
West Coast of North America, from Alaska south to the Gulf of Califor- 
nia, 5 and one variety. 

The localities of about 16 species are unknown. None have been 
found on the west coast of America south of the Gulf of California, and 
not a single specimen has yet rewarded the researches of the collector 
along the east coast of America, from the Arctic regions to Cape Horn, 
except the one species and its variety already credited to the Cape Horn 
region, 

From the above record of its distribution, it will be seen that the 
genus has succeeded in circumnavigating the globe, though greatly re- 
duced in the number of species as it wanders away from its metropolis or 
the Australia region. 
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Since the publication of Pilsbry’s monograph of the genus Haliotis. 
Dr. R. E. C. Stearns has published and described a new variety of 
Haliotis, which he characterizes and names Haliotis fulgens, variety 
Walallensis. ‘This variety was discovered a few years ago on the coast 
of Mendocino county, California, near Gualala, by Mr. Rivers. Dr. 
Stearns remarks of this shell as follows: 

“This variety differs from the type in its more elongate and flattened 
form, its constantly finer spiral threading, and its paler nacre. ‘The con- 
centric lamellation is sometimes undeveloped on the young shells. It 
has the same number of holes as the type. 

‘The above may be regarded as the extreme northerly expression of 
HT. fulgens which has not heretofore been credited to any part of the coast 
north of Point Conception. From that point to Gualalla is an immense 
jump, about 320 nautical miles.”’ 

While the holes or perforations on the left dorsal side of the shells of 
the genus Haliotis may be of generic value, or a distinguishing character 
that serves to separate it from the genus Gena—a smaller but a similar 
shell without perforations—the number of holes is of no specific value 
whatever, as will be seen by the following examination of a large number 
of specimens, both young and adults, of Aaliotis cracherodi (Leach): 

Number of holes, 5 to 9.—Carpenter. 

Number of holes, about 8.—Pilsbry. 

Dr. Stearns remarks of the number of holes in 7. cracherodii,-as follows: 

“Thirty-seven individuals gave a total of 236 complete holes, an av- 
erage of about 644. One individual had had only 2, two had 4, while 
five had 9, approaching the insular form known as Calzforniensts (Swain- 
son). All of the foregoing were adult shells.”’ 

An examination of 27 adult shells of /7. cracherodii (Leach) by myself 
gave the following result in the number of holes: 

Three had 5 holes; 

Four had 6 holes; 

Seven had 7 holes; 

Seven had 8 holes; 

Eight had 9g holes; 

One had ro holes. 

An examination of 85 young shells of this same species, varying in 
size from one-fourth of an inch to two inches in length, gave the following 
variations in the number of perforations: 

Two had 3 holes; 

Twenty-one had 4 holes; 

Forty-four had 5 holes; 

Sixteen had 6 holes; 

Two had 7 holes. 
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The smallest individual of the above lot, one-fourth of an inch long, 
had four holes; the largest, about 2 inches in length, had six holes; but 
there did not appear to be any regular increase in the number of holes in 
proportion to the size or age of the shells. 

Further examination and close study of these young shells reveals the 
fact that when the young creature emerges from the egg, the nucleus, 
or first whorl of its shell, is white in color and without sculpturing or 
holes. About the time one whorl is added to this embryonic shell the 
holes and sculpturing appear, and at the same time the little shell, in 
some instances at least, assumes a dirty brick-red color, but soon changes 
into the normal shading of brown or blue, while a few shells before me 
are of a beautiful shade of dark green. 


The holes or perforations are arranged in a serial row on the left dorsal 
side of the shell, and are a little tubular until the shell attains about 2 
inches in length. They are generally circular in form, but oblong holes 
frequently appear with the circular ones in the same individual. The 
sculpturing consists of a few oblique or curved radiating ridges passing 
from the nucleus to the holes, over which there passes from eight to twelve 
wavy Spiral threads, a little corded sometimes by the sharp striz of growth. 


The*interstices formed by the intersecting ridges and spiral threads 
often show as deep pits, and especially so in certain shades of light, which 
gives that part of the little shell near the nucleus a reticulated appear- 
ance and adds much to its beatity. With the increase of age and size 
these sculpture characters change greatly, and even disappear altogether 
on many of the adult shells. Frequently, however, the spiral threads of 
the ycung can be traced on the back of the adults, as low, obscure ribs, 
wavy or corrugated, and in a few instances the whole back of the shell is 
covered with obscure corrugations, giving such shells quite a distinct 
aspect. 


FHlaliotis cracherodti (Leach), var. californtensis (Swainson). 


The shells of this interesting variety found on Guadalupe Island; 
Lower California, are peculiar. 


The perforations are smaller, more numerous, generally circular, re- 
sembling gimlet holes in a piece of wood, closer set together, while the 
entire row is often higher up on the back of the shell than in the normal 
or typical shells of 77. cracherodzi. 

This combination of characters conspire to give these shells quite a 
distinct aspect of their own, and notwithstanding that there are numerous 
intermediates between the extreme forms of these shells and the typical 
H, cracherodiz, I think it well for the purposes of study and the illus- 
tration of variation to retain Swainson’s name, Californtensis, for those 
shells with the small holes without regard to their number on a single 
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shell, and not jumble together under one name shells so diverse in these 
characters. 

By the kind permission of Miss Cooke, of the World Shell Store, 
here in San Diego, I have had the privilege of examining the large lot of 
this variety collected by the late Captain Geo. D. Porter, on Guadalupe 
Island, Lower California, that are now in her possession. 

Three hundred and twenty of these shells show the following varia- 
tion in the number of holes: 

One had 4 holes; 

Five had 6 holes; 

Twenty-four had 7 holes; 

Thirty-two had 8 holes; 

Thirty-one had 9 holes; 

Sixty-three had 10 holes; 

Seventy had rr holes; 

Sixty-five had 12 holes; 

Twenty-six had 13 holes; 

Two had 14 holes; 

One had 15 holes. 

Miss Cooke reports finding 12 specimens in this same lot with 16 holes, 
but these were packed away and not accessible at this time. 

The shells average a little smaller and a little thinner than 
H]. cracherodiz, while the form is more circular, generally. The color of 
the epidermis varies from a very dark blue, or black, to a yellowish blue 
and passes through various light and dark shades of brown. 

Unfortunately there were none among the lot examined smaller than 
about three inches long, and these, with adults or larger shells, were 
well worn in the region of the spire, with the early sculpture characters 
destroyed. 

There is evidence enough, however, on the half-grown and adults 
among this lot to warrant the assertion that the sculpturing is similar in 
the young state or on the young shells of this variety, to the typical or 
normal HW. cracherodiz. 

With this knowledge of the variations of the holes and sculpturing of 
the shells of 47. cracherodti, we may now briefly consider its mutations in 
the opposite direction. 

Haliotis cracherodit, var. holznert (Hemphill). 

I have before me three shells that, while they possess all the charac- 
teristics of Haliotis cracherodit, they are without perforations, and there 
is no evidence on these shells that they ever had any holes. Thus they 
have lost the most important generic character that separates the genus 
Haliotis from that of the genus Gena, which has smaller but similar 
shelis in every respect except the perforations, which are absent. These 
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three shells then show the intergrading of these two genera, and are of 
much importance when taken or considered in connection with the multi- 
tude of similar facts already known, and serves to shake our faith in the 
present methods of classification, specie and genera making. However 
this may be, these shells are unusually high and arching, as well as 
narrow and oblong, with the spire much nearer the posterior margin, 
than any other specimens of //. cracherodi that I have examined of the 
same size. , 

The spire of all of these shells is well worn, and consequently the 
sculpturing of the early stages of growth is lost, but there is sufficient 
evidence on the body of them, similar to that found on the adults of //. 
cracherodii to warrant the assertion that the sculpturing is the same on 
both forms. 

The measurements of these shells are as follows: 

Largest specimen—Length 4%, width 3%, height 134 inches. 

Medium specimen—Length 44%, width 3%, height 1% inches. 

Smallest specimen—Length 4, width 2%, height 114 inches. 

Habitat, coast of Lower California. 

Mr. Frank Holzner, of San Diego, to whom I dedicate this interest- 
ing ard very important variety, recently placed these shells in my hands 
for study and description. They were fouud in a lot of shells received 
by him from the lower coast, and he very considerately laid them aside 
for future cousideration. He informs me that he has, at different times, 
received about a dozen similar shells from the coast of Lower California. 

Prof. F. W. Kelsey, of the Commercial College here in San Diego, 
has already published a note on this variety in Vol. XVI//, page 67, 
of The Nautilus, in which he calls it a ‘‘freak,’’ and I am indebted to 
him for one of his excellent photos of the medium-sized specimen. I 
add a list of all the known forms of our West Coast Haliotis: 

flaltotis gigantea, var. kamtschatkana (Jonas). 

Flaliotis rufesuns (Swains). 

flaltotis corrugata (Gray). 

Flaliotis corrugata, var. assimilis (Dall.). 

ffaltotis fulgens (Phillippi). 

Flaliotis fulgens, var. walallensis (Stearns). 

Flaliotis cracherodii (Leach). 

Flaliotis cracherodit, var. californiensis (Swainson). 

Flaliotis cracherodit, var. holzneri (Hemphill). 


THE GENUS ENCRINURUS 


Its History, Its Species, Its Proper Division in the Family of Trilobites 
A. W. VOGDES 


OF SAN DIEGO, CALIFORNIA 


Specimens of this Trilobite were known almost 200 years ago; the 
first to Herrmann, who, in his Maslographia, plate 9, fig. 50, represents 
a tail of this genus, with six nodes on the axis and nine pleurae; he 
names it Pectunculites marmoreus trilobus imbricatus. This book was pub- 
lished in the year 1711. For copy of original see plate 3, fig. ro. 

Some fifty years afterwards Linné, in Act. Reg. Acad. Sci. Holmiens, 
p. 22, plate 1, fig. 3, gave a figure of a specimen froin Gotland, under the 
general name for all Trilobites, that of Extomolithus paradoxus. For copy 
of original see plate 3, fig. 11. 

The author illustrates a tail with 9 pleurae and 20 axial joints; they 
are notched at the sides: this species served for the type of Wahlenberg’s 
Entomostracites punctatus. 

Other authors, such as Lehman, Novi Comm. Acad. Sci. Imp., vol. 
10, plate 3, fig. 10, and Wilckens, Stralsundishes Mag., vol. 4, 1769, p. 267, 
plate 3, fig. 12, gave illustration of the pygidium, but without generic or 
specific description. 

Wilckens has the credit of placing the fossil under the Crustacea. He 
copies Herrmann’s figure and names the fossil ‘‘ Hxtomolithum Branchto- 
podts cancriformts marint,”’ 

Under the general term of Trilobus, Brunnich Nye Samling, af det 
Kong. Danskse Vidensk. Skrifker, vol. 1, 1781, p. 394, gave a specific 
name to the fossil now.known as Encrinurus punctatus. 

The author remarks: ‘‘ Of the two very imperfect fossils I found in 
a soft yellowish limestone from Bohemia, I find across the fossil body 
impressed spotted joints, which are sufficient to distinguish it from other 
species. The size of it seems to vary greatly, as my limestone contains 
one small and one very large tail; each has 18 joints.” 

Wahlenberg, in his Petrificata telluris Svecanae Upsaliae, 1818, p. 
32, plate 2, fig. 1*, not fig. 1 (Calymmene Blumenbacht), under the gen- 
eral name of Lxtomostracites punctatus, figures a specimen from Gotland. 
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Brongniart, who was the first author classifying the Trilobites, in 
his excellent work Hist. Nat. Crust. Foss., 1821, places this fossil under 
his genus Calymmene, naming it Calymmene variolaris, p. 14, plate 1, 
figs. 3 a-b. 

Burmeister Org Trill., p. 114, and other authors, refer Brongniart’s 
plate 1, figure 3a, to Excrinurus punctatus, and his fig. 3b to &. vario- 
laris. ‘The first is an extended specimen, with the genal angles pro- 
‘longed into spines; the second a rolled up specimen, in which the genal 
angles are not extended into spines. 

The characteristics of the pygidia are amply sufficient to separate the 
two common species. £. variolaris has g axial joints, interrupted in the 
middle by one or two isolated nodes on each joint, with 7 pleurae, and the 
axis is not extended into a long caudal spine, as in &. punctatus. 

The Rev. Dr. Buckland, Geol. & Mineral Bridgw. Treat., vol. 2, 
1837, copies Brongniart’s figure, plate 1, fig. 3a, on plate 64, fig. 6, under 
the new name Asaphus tuberculatus. 

Dalman Paleden, 1826, p. 234, plate 2, fig. 2a-b, gives figures of 
Gotland specimens No. 6, Calymmene punctata, and corrects the error of 
Wahlenberg’s reference to plate 1, fig. 1* (the head of Calymmene Blu- 
menbathi, to this species). 

Murchison, Syst. Silurian., plate 23, fig. 8, illustrates 4. punctatus, 
and on plate 14, fig. 1, an entire specimen of 4. variolarzs erroneously 
figured with 13 thoracic segments. 

Emmrich De, Tril. Dis., 1839, p. 20, describes under the genus 
Phacops variolaris a species with the posterior angles of the head produced 
into short horns, a common characteristic of the other species, Zxcr7murus 
punctatus. 

As late as the year 1840, the then known two species of this genus 
were classified under the genera Asaphus, Calymmene and Phacops. 
Eichwald at this date proposed that of Cryptonymus for the generic 
name (Sil. Syst. Hsthlands, 1840, p. 71). The author placed such specie as 
Calymmene punctata and C. variolaris, including in the new genus C. 
Woertht C. parallelus, now classed under the genus Cybelé. The author, 
in substituting his abandoned name of Cryptonymus (proposed Obser. 
Geog. Zool. per Ingram. Marique Baltice, 1825, p. 44, there used for 
eight species, now classed under the genera Asaphus and Illaenus), simply 
pointed out his generic types without giving a generic description. 

This name should stand under the strict rule of priority, for at least 
such species as Lncrinurus punctatus or E. variolaris; and it was so used 
by Angelin in his Palaeont. Scand., in which he gave a description of 
the genus. 

Eichwald, Bull. Soc. Imp. Sci. Moscow, 1855, claims priority and 
gives a history of the generic names. 
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The same author also remarks, Die Urwelt Russlands, 1840, p. 22: 
“I found also in Odinsholm fragments of other species, viz: Calymmene 
variolaris Brong. (at that date both £. punctatus and F£. variolaris were 
classed under the name of C. variolaris), which belongs to the genus 
Cryptonymus. * * * JI discovered near Reval an interesting small 
species of Cryptonymus, which has a tail similar to Calymmene punctata, 
Dalim. 

Emmerich, Zur Naturgesch. der Trilobiten, 1844, p. 16, gives the 
following description of his new genus Encrinurus. ‘The name was taken 
from the resemblance of the tail to a Crinoid stem., Der schwan and 
Encrinites: 

‘*Kyes smooth, the glabella inflated and club shaped, the tail with many 
ringed axis and few pleurae. 

““E. punctatus Wahl. is so different from all other trilobites that it is 
entitled to form a separate genus; it unites the clavate glabella of the Asaphus, 
and has the facial suture and eyes like Calymmene. * * On account of its 
peculiar shaped pygidium, I have given it the above name.”’ 

The author includes £. punctatus and two of Portlock’s species, 
Amphion multi-segmentatus and Ogygia rugosa. 

This description, like that of Eichwald, only points out its type. 
Almost all the authors on Trilobites have used it, with the exception of 
Angelin, Eichwald and Vogdes. 

To retain both genera Emmrich’s Encrinurus might be used for 
£. punctatus for a group of species having the genal angles of the head 
produced into spines, the pygidium, with a many jointed axis, termin- 
ating in a long caudal spine or blunt point with g-ro plurae, such as— 
Encrinurus punctatus Brunn, Ordovician and Silurian of Norway, Swe- 

den and England. 


= SEN POE Ree BL Senay a evn eer eet re Silurian of New York. 
BECOAC HAP OCHMICL 208 cis igcssosteer aid’. tone aes eernec Ordovician of Russia. 
DOMISHCORAe LOTMOUISt cnc ck awe coke Une ta ce er Ordovician of Sweden. 
SEAS LL Alstom estenets wn ek tans pees Silurian of New York. 
SOx COSCALA ALL uciias tae ia y acne ere +t Ordovician, North Wales, &c., &c. 


And the genus Cryptonymus for Eichwald’s second type £. variolaris 
Brong., in which the genal angles of the head are not prolonged into 
spines. ‘he pygidium has few axial joints and few pleurae. Such as— 


MNCTINULUS VALIOlaTIS BYONG 2.2 .ccceerra, det! occu ves sien eh 8s Silurian of England. 
expansa Haswell «..../..... sea ABW tlh OE SR A Pentland Hills, England, 
DDPASUSMA ASC IIN dete - thie a ce cOM ees e ces Meet aaas cele vRrnsuse Reg. E Sweden. 
RASVIS ANSE peter tte cece concn vardica eam Times tbe vees Reg. D Sweden. 
BOWSInG iL OCLSLE 51.7) -3) Bah sceck woe ececetee Ores geaien Silurian, Australia. 
IiNGQLanrellsi se Melilla yee een neice neon eee anne tee Silurian, Indiana. 


Under which we have included the species described under the genus 
Cromus Barrande. 
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The Trilobites described under Encrinurus are as follows: 
AFRICAN. 


Encrinurus cresta-galli Woodward, Quart. Jour. Geol. Soc., vol. 29, p. 
32, plate 2, figs. 6 and 7, referred by Lake to Phacops, Devonian. 


NortH AMERICAN. 


Encrinurus elegatulus, Billings, Cat. Sil. Foss Anticosti, p. 62. 


Probably a species of Cybele..... desired demtetehtond <5 ca iy Ordovician. 
vigilans, Hall, Palaeont. N. Y., vol. 1, p. 245, plate 65, fig. 
BED 5 ccs st od wotaid Wmgitie es ge rer 6 ihr cm ce ceo ae Laer eats ace rae Trenton. 


raricostatus, Walcott, 31st Rep. N. Y. State Mus., p. 69.....Trenton. 
——vannulus, Clarke, Geol. Minnesota Palaeont., vol. 3, p. 709..Trenton. 
cristatus, Clarke, . * > 9. 741.: renton: 
— —tuberculosus, Collie, Bull. Geol. Soc. Amer., vol. 14, p. 218, 

plate 14, fig. 3; same term used by Buckland for a species 

ofthis genus: bridw. -Vreat., 147 )--rscc) tee one neers Trenton. 
deltoides, Shumard, Geol. Missouri, p. 198, plate B, fig. 10...Silurian. 
Trentonensis, Walcott, 31st Rep. N. Y. State Mus., p. 68...Trenton. 
nereus, Hall, 20th Rep. N. Y. State Mus., p. 375, plate 21, 


NL GE ORES t ieee ane ee eRe Aas vm eRe rece $a Saws citnencestens tasedes Niagara. 
Egani, Miller, Cinn. Soc. Nat. Hee vol. 2, p. 254, plate 15, 

POA aie ets See eae Peak itn See CL teae at eee ee ee AO eee Niagara. 
-ornatus, Hall, Palaeont N. Y., vol. 2, p. 297, plate 66A, 

TQ AE AMG stele Mia netes Ue eCommerce Se Oe aoe ee ere Clinton. 
—Threcheri, Foreste, Bull. Denison Univ., vol. 2, p. 101, plate 8, 

AS aera ES Leather oben i Se i ta LN ie ARE Let oon Os Clinton. 


——Americanus, Vogdes, Des. new species Clinton group, p. 1...Clinton. 
Indianaensis, Kindle, Geol. Indiana, vol. 28, p. 482, plate 24, 


PLES TAB es cow ag tes woe ¢ 20s SMa SR Cre eae eee Niagara. 
——phlyctainodes (Green), Miller, Cat. Amer. Foss, 2nd Ed., 
P7574 wns eS On rh Pee en Tee aw ainsi RS Le ee . Niagara. 


This species which Dr. Green, Amer, Jour. Sci., vol. 32, p. 
167, compares with Calymmene variolaris Brong., Hall 
refers it to Lichas, Paleont N. Y., vol. 2, p. 314, plate 70, 


y 


ATES. -2O~ Dy Ohne ac dep eck Cem te ee et ee re ee eee Niagara. 
AUSTRALIAN. 


Encrinurus Barrandei, DeKonick, Resch. Pal. Foss. Sud. Aust., 

Pots ta plate fiyehie & Rh NS Oe ey ee ey, Sittin 
Cromus Murchisoni, DeKonick, Resch. Pal Foss. Sud. Aust, p. 

55; plates eT BSs5-0 i aesale hescuameaneshaqonae nee eee Silurian 
Encrinurus Bowningi, Foerste, Bull. Denison Univ., vol. 3, p. 122. 

Plates hepa trates Secs ct eee Silurian. 
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Mitchelli, Foerste, Bull. Denison Univ., vol. 3, p. 124, plate 
Piste ano 13 anda Oat Eat. te emia Silurian. 


UPPER ALPS. 
Eucrinurus Novaki, Fresch. Zeitschr. Deutsch. Geol. Ges., 1888, 


POSS Plate 205 ll OSa G-Class oa. nee ee TL eee Silurian. 
BOHEMIA. 
Cromus Beaumonti, Barrande, Sil. Syst. Bohéme, vol. 1, p. 826, plate 43. 

figs. 6-14. 

Bohemicus, Barrande, Sil. Syst. Bohéme, vol. 1, p. 828, plate 43, 
figs. 15-17. 

transiens, Barrande, Sil. Syst. Bohéme, vol. 1, p. 828, plate 43, figs. 
18-19. 

intercostatus, Barrande, Sil. Syst. Bohéme, vol. 1, p. 824, plate 43, 
figs. 1-5. 


Novak Bohm. Ges. Wissensch Jahrg., 1885, refers all of these species 
to the older genus, Encrinurus. 
ENGLISH. 

Encrinurus expansa, Haswell, Geol. Pentland Hills, p. 36, plate 4, fig. 4. 
punctatus, Brunn., 1781, Besk. Trilobiten, p. 394, England 

Wenlock, Dudley, Upper Ludlow, &c., Ordovician of Swe- 

den, Norway, Russia, Silurian of Gotland. 
multi-segmantatus, Portlock, Geol. Londonderry, p. 291, plate 

ela LEAS 9 Pc ar oye Oe AR See ts i Ordovician of Tyrone, Ireland. 
Stokesi, McCoy, Pal. Sil. Fossils, Ireland, p. 46, plate 4, fig. 15. 
sex-costata, Salter, Mem. Geol. Sur, vol. 2, plate 1, fig. 10 


Wand eG MIASs i gmsuesutcus Se Cac eke sna beies ch ieee co hate Seep North Wales. 
variolaris, Brongniart, Crust. Foss., plate 1, fig. 3b, not 3a, 
WMienlooks limestone MDUdley,, XC. caer nc otss nalet sone England. 
fallax, Reed, Quart. Jour. Geol. Soc,, vel. 55, p. 751, plate 
EELS SING) fal 2 Ue atm ae Neer piienges (hie eta Maen Irish Silurian. 
RUSSIAN. 
Encrinurus Seebachi Schmidt, Ostbal. Sil. Trilobiten, p. 229, 
PLAL@ MIA et CO 200.2. co cceern are whevaee nica ats Nak eae ene Ordovician. 
Also E. obtusus Ang., E. punctatus Brunn., E. mulsi-segmentatus, Portl. 
SCANDINAVIAN. 


Encrinurus, obtusus, Angelin Pal. Scand., p. 3, plate 4, fig. 9, 
Gotland Reg. E. 
—leevis, Angelin, Pal. Scand., p. 4, plate 4, fig. 10, West Gotland 
Reg. D. 
striatus, Angelin, Pal. Scand., p. 89, plate 41, fig. 13...... Reg. D-E. 
schisticola, Tornquist, Sv. Geol. Under, Ser. C, No. 66, p. 23, plate r, 
figs. 15-17. 
Also E. punctatus, Silurian of Gotland. 
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GROUP OF SPECIES WITH 23-33 AXIAL JOINTS IN PYGIDIUM. 


Encrinurus punctatus... ........ CHitire) G2ce-: 23-30 axial joints, g pleurae. 
Stockésis-McCoytei..currece CHngireyereeas 28 Se 
Trentonensis, Walc........ (Cail eee eee 23 re x“ 9 * 
Barrandei, DeKon ........ (head & tail) 25-26 ‘“‘ 2 9 - 
multi-segmentatus, Portl (tail) ........... a2 A A g-I0 “‘ 
StriatuspA me. Wire acute (tail).....not known “ hae Resi e) Sy 
tuburculosus, Collie........ (tail yts a esec 25 ‘s as 8 ‘S 

——deltoides, Shum............ (tail eee es 24 se a 7 ae 

GROUP OF SPECIES WITH 20 AXIAL JOINTS IN PYGIDIUM. 

Encrinurus sexcostatus, Salter (Entire) ........ 20 axial joints, 6 pleurae. 

——Anmrericanus, Vogd.......... (CAT Yoo secs acute 20 = * 5-6 “ 

—w—ornatus, H. W....(tail, Ohio specimen) ...20 “ 7-8 <“ 


GROUP OF SPECIES WITH 16-18 JOINTS TO PYGIDIUM. 


Bicrinurus veréus,, alive... =. REat a eeet?.. ee 18 axial joints, 8-9 pleurae. 
ean sMillerss...-s ner (Hative ier, 5 18 i 7 WG 
—Threcherl, Foerste.......... Ktail) 2 peer. 18-20 “ “7-8 “ 
aricostatus, Walc.......... (tail. oe ae. 16 " a _ 
vannlus, Clarkéstes...2 (Entirejcs- 22 14-16 “ hee oe 
——Ilvis, Ang..........00de sere: Entire). :t2:, Bataan s 8 a 
schisticola, Tornq «2.23. (Entire)s 222 14-16 “ Pi ASS < 
Bowningi, Foerste......... GCHintite i erse 18 . ere . 
Encrinurus vigilans, Hall .....(Entire)........18 axial joints, 9 pleurae. 


GROUP OF SPECIES WITH 9-I5 AXIAL JOINTS IN PYGIDIUM. 


Encrinurus variolaris, Brong. (Entire)........ g-10 axial joints, 7 pleurae. 
2xpansus, Haswell......... CE mtiré).cnge.cs I4 oe arent : 
fallax Redes. dar gee (Entire)... 2... 12-14 ‘ Sf Caer 
obtusus; VANE flusassaes (talk) ae 12 es eR Chiay ce 
Indianensis, Collie ...(head and tail)...15 e c°) tO" aan 


The species may be grouped as follows: 


ENCRINURUS. 
Encrinurus punctatus, Stockesi, Trentonensis, Barrandei. 
. Vigilans, Seebachi. 
. sexcostatus, deltoides. 
. multi-segmentatus, striatus. 
. Nereus, ornatus, Egani, Threcheri, Americanus. 
. raricostatus, vannulus. 


Aun fwrnr 
Jeol es Msc ome sumed! 


CRYPTONYMUS. 


7. KE. variolaris, expansus, obtusus, levis. 
8. Bowningi. 
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g. KE. Indianensis, tuberculosus. 
10. HE. schisticola. 


rr. Encrinurus (Cromus) Beaumonti, transiens, Novaki, Murchisoni. 


: = intercostatus, Bohemicus. 
12. KH. Mitchelli, fallax. 


ENCRINURUS PUNCTATUS, Brunn. 


Syn. Entomolithus paradoxus, Linné, 1759, Act. Reg. Acad. Sc. Holm., p. 22, 
plate 1, tig. 2, Pygidium, with 9 pleurae, 20 or more axial joints. 

Trilobus punctatus, Brunn., Kjobenh. Sellsk. Skrivt. nye Samml., vol. 1, p. 
394; no illustration. 

Entomostracites punctatus, Wahlenb., Petrif. telluris Svecanae., p- 32, plate 
Pa Sites. WypsaKeye says ka 

Calymmene variolaris, Brong., Crust Foss., plate 1, fig. 3a, not fig. 3b, which 
represents E. variolaris. 

——punctatus, Dalman, Palaeaden, p. 234, plate 2, figs. 2, a, b. 

——Murch., Sil. Syst., p. 661, plate 23, fig. 8a-b. 

Phacops variolaris, Emmrich, Diss., p. 20. 

Asaphus, tuberculatus, Buck., Bridgw. Tr., plate 46, fig. 6. 

Encrinurus punctatus, Emmrich, Neus Jahrb., p. 42. 

——Stockesii, McCoy, Syn. Sil. Foss. Ireland, p. 46, plate 44, fig. 15. 

punctatus, Corda, Prodr. Tril., p. 91, fig. 55. 

Cybele punctatus, Fletcher, Quart. Jour. Geol. Soc., vol. 6, p. 403, plate 3?, 
figs. 1-5. 

EKncriuurus punctatus, Salter, Mem. Geol. Sur. Dec. 7, plate 4, figs. 15-16. 

—— WHOth Verna Min, Ges. 70 St. Pet., 1847) p.. 299, plates, fig. 4a, b,c, e. ft, s. 

— Hoffman, Verh. Min. Ges. St. Pet., 1857-58, p. 35, plate 3, fig. 3a-e. 

——WNieszkowski, Archiv. Nat. Liv. Ehst Kurl, p. 4, plate 3, figs. 6-7. 

—Baily, Fig. Char. Brit. Foss, p. 67, plate 23, fig. 2. 

—Steinhardt, Prenss. Tril., p. 57, plate 4, fig. 15. 

—-var calcareus, Salt., Nicholson & Etheridge Sil. Foss. Girvan Dist., p. 108 

and 205, plate 10, fig. 7. 

punctatus, Etheridge, Jour. Roy. Soc. N.S. Wales, vol. 14, p. 3, plate 1, 

figs. 11 and 12. 

Schmidt, Ostb. Sil. Tril., p. 225, plate 14, figs. 11-13; plate 15, fig. 18. 

—Roemer, Lethza Palaeoz, plate 17, fig. 8. 

—Novak, Bohm., Ges. Wissensch Jahrg., 1885, p. 5, plate 1, figs. 1-8. 

—Roemer, Lethea erratica, 1885, plate 7, fig. 21. 

——Foerste, Bull. Denison Univy., vol. 2, p. 102. 

—-——Proc., Boston Soc. Nat. Hist., vol. 24, p. 269, for EK. ornatus, H. & W., 
E. Threcheri Foerste. 

—Wigan, Zeitschr., Deutsch Geol. Ges. 1888, p. 91, plate 10, fig. 23. 

—Foerste, Geol. Ohio, vol. 7, p. 531. 

Trentonensis, Walc., 3lst Rep. N. Y. State Mus., p. 68. 

punctatus, Vogdes, Mong. genera Zethus, &c., p. 18, plate 1, figs. 1-5 and 

17; plate 2, figs. 5-8; plate 3, figs. 15 and 16. 


ENCRINURUS, Emmrich, 1844. 
Diagnosis: The cephalic shield is semi-lunar, with the genal 
angles produced into long spines. 
Glabella clavate; surface of the glabella and cheeks tuberculated. 
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Obscure glabella furrows. 

Thorax with 11 segments; pleurae not grooved; tips notched. 

Pygidium triangular; axis of many joints, 18-23-30; centre marked 
by a single row of nodes and terminating in a long caudal spine. 

Pleurae, 8-10-12. 


ENCRINURUS PUNCTATUS, Brunn. Plate I, figs. 1-18; Plate II, figs. 23-24. 


Range, Ordovician of England, Sweden, Norway and Russia, &c. 

Silurian of Gotland, Sweden. 

Description: The general form ovate, nearly twice as long as wide. 
The head is bounded by a thick marginal border, which is narrow at the 
glabella and ornamented with two rows of tubercles. 

Glabella clavate and gibbous, overhanging with 3 indistinct lateral 
furrows; large frontal lobe. 


The facial sutures commence on the exterior margin of the head, just 
above the genal angles, and run in an oblique direction to the large 
pedunculated eyes, over their base, near the middle of the cheeks, then 
converge to the front of the glabella; they then turn suddenly, at an angle 
of 90 degrees, downward, and running parallel in a vertical direction to 


the marginal edge, which they cut, and converging, combine into a rostal 
suture. 


The fixed cheeks are triangular, and separated in front by the verti- 
cal suture, convex and tumid. 


Free cheeks are prolonged at their genal angles into spines. 


The occipital furrow is continuous; occipital ring broadest in the 
centre, which is smooth, but has a node at each extremity. 


Hypostoma ovate, obscurely granulated, surrounded by a sinuated 
margin, connected by its pointed end with the head. The wings are short 
and triangularly pointed. A furrow runs from each side up to one-third 
part of its length, which runs vertical, and its end not visible in the pos- 
terior thickened part, a small, obtuse continuation is seen. 

Thorax with 11 segments. Pleurae without grooves, notched at 
their ends, but not spined; surface tuberculated. The axial joints are 
somewhat narrower than the pleurae. Spines occur on the 7, 9, and 10 
axis joints. 

Pygidium triangular, terminating in a caudal spine, the axis tapering 
posteriorly to an acute end, which has from 23-30 distinct side notches; 
the centre is smooth, with 7 prominent nodes: between the 1-3 nodes 2 
notches appear; the 3-4 nodes have 4 notches; 4-5 nodes, 5 notches; 
6-7 nodes, 5 or 6 notches appear. 


The numerical arrangement of these nodes is not inviolable. 
Pleurae 8, with a central row of tubercles. 
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Some Ludlow specimens have the glabella narrower, and but 4 nodes 
down the axis of the tail. (Salter.) 

The variety called avenaceus Salt. differs only in the abrupt ending 
of the tail, which has not the long caudal spine of &. punctatus, but the 
terminal joint of the axis of the tail is deflected and blunt. 

ENCRINURUS VIGILANS, Hall. Plate III, figs. 17, a, g. From Trenton 
Limestone of New York. 


The head is more than semi-lunar in form, with its genal angles pro- 
duced into long spines extending to the tail. The glabella is not lobed 
The front lobe is thickened and marked with 2 rows of tubercles. Eyes 
facetted, prominent. 

Thorax with r1 segments; the axis has on every second joint a node 
or short spine. 

Pygidium triangular, with 9 pleurae, every alternate one being orna- 
mented with anode. Axisof 18 joints, every third one being marked by a 
node. 

The specimen has only 18 axial joints in the tail, and a longer 
spine to the genal angles of the head, than the type E. punctatus, and 
should be compared with 4. Seebachi, Schmidt. 

ENCRINURUS ORNATUS, Hall & Whitfield. Plate III, figs. 15, 15a. 


The authors refer Cybele punctatus, Hall,-Pal. N. Y., vol. 2,-p. 207, 
plate 66a, figs. 1a-e, to this species. Pal. Ohio, vol. 2, p. 154. 

The Clinton specimens from New York have a subcresiform head, 
with the genal angles produced into spines extending to the fourth thor- 
acicsegment. Glabella clavate, also tuberculated; plate 66a, fig. 1, shows 
two lateral furrows. Thorax with 11 segments. 

Pygidium triangular; no caudal spine shown in illustrations. Axis 
of 20 or more joints, notched at the sides, centre with row of 6 nodes, 
located on the ist, 4th, 8th, 13th, 17th, 20th axis joints. 

Other specimens from Clinton, at Lockport, have 7-8 pleurae, with 
5 nodes on the axis of the tail, viz: on the 7th, 11th, 15th, 19th and 23d 
joints. These nodes occur at variable intervals, but with sufficient irregu- 
larity to discredit the value of such features for specific distinctions. 

Pleurae 7-8, marked with a central row of 3 or more tubercles. 

The Ohio species, Z. ovatus, is of larger size; it has 20 axial joints, 
7 pleurae in the tail, with 5 nodes on the 2nd and 5th joints, the three 
others having three segments between each node. 

FSNCRINURUS THRECHERI, Foerste. 

In the Proc. Boston Soc. Nat. Hist., vol. 24, p. 269, the author places 
this species with Hall’s E. ornatus under EH. punctatus. 

The species has 13-18 axial joints and 7 pleurae in the pygidium, 
with nodes on the 5th, 8th, 11th, 12th, r5th and 18th joints. 
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ENCRINURUS TRENTONENSIS, Walcott. Syn. £. punctatus. 

This species from the T'renton Group of Wisconsin was described 
from the pygidium; it has 23 axial joints, with nodes on the 3rd, 6th, 
roth, 14th, 18th and 22nd, with g pleurae. 

ENCRINURUS NEREUS, Hall. From Niagara Group, Racine, Wis. 

This species, described from a tail, has 18 axial joints and 8-9 pleu- 
rae. ‘The rings of the axis are distinct and not notched at the sides. 


Encrinurus EGAant, Miller. From Niagara Group at Joliet, Illinois. 
Plate Iti fig. 13. 

The genal anges are spined; glabella clavate and gibbous; projects 
in front beyond the narrow rim. ‘Thorax 11; segments grooved. 

Pygidium a little wider than long, with caudal spine. 

Axial joints 18, with centre row of 4 nodes on the 4th, 7th, r1th and 
I4th joints, Pleurae, 6. 

This group of species from the Clinton Group, consisting of &. orna- 
tus and Threchert with Egani, and Nereus from the Niagara Group, vary 
slightly in the number of axial joints, 18 to 20; and in the pleurae from 6 
to g: all of these species probably belong to the same species, and should 
take the older name, that of Z. nerves, Hall. 

Encrinurus Americunus, Vogdes, from the Clinton Group of Georgia, 
which has 20 axial joints and 5 or 6 pleurae, belongs to the same group. 


ENCRINURUS SEX-COSTATA, Salter. Plate II, figs. 1-12. 

Cybele sex-costata, Salter, Mem. Geol. Sur., vol. 2, pt. 1, plate 8, fig. 10, not fig. 

9, 1848. 
Zethus sex-costata, McCoy, Synops. Pal. Foss. Woodw. Mus., fase. 1, p. 156. 
Encrinurus sex-costata, Salter, Mem. Geo!. Sur., Decade 7, plate 4, figs. 1-11. 
Brit. Pal., Rocks & Foss, Appendix A, 1855, p. iv. plate 1G, figs. 6-7. 
Nieszkowski, Archr. Nat. Liv. Ehst. Kurl, 1857, p. 80. 
—Vogdes, Mong. genera Zethus, &c., p. 25, plate 3, figs. 1-12. 

General shape, broad ovate head, and tail convex; body rather flat; 
head triangular; genal angles produced; the front rounded, gibbous and 
overhanging. Glabella pyriform; it overhangs the margin; there is a 
strong furrow which runs across the front of the glabella, separated from 
it by a thick, prominent ridge (fig. 3a); it has three short lateral furrows. 

The cheeks, though convex, are much less so than the glabella, and 
bear the eyes in the middle, the surface pitted with fine granules. The 
free cheeks have their outer margin thick and separated by a furrow, with 
the genal angles produced into spines. 

The posterior margin has a strong neck furrow continued along it. 


Thorax with 11 segments; each pleurae is nearly semi-cylindrical, with a 
row of 3-4 tubercules along its centre; tips bilobed. 

Pygidium triangular, wider by one-third than the length, with obtuse 
rounded anterior margin. Axis with 20 joints extending across it, but 
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the upper one-third becomes flatter, and the rings are effaced along the 
middle. No nodes along the smooth central portion. 

Pleurae 6, strongly indicated, divided from each other by narrow, 
deep furrows; ends squarish and obtuse. The upper four pleurae are 
free, but the two others are fused with those from the opposite side and 
extend in a very blunt point beyond the tip of the axis. 

Llandeilo Flags, North Wales. 


ENCRINURUS DELTOIDES, Shumard, Geol. Missouri, p. 198, Plate B, fig. ro. 


Cryptonymus deltoides, Vogdes, Mong. genera Zethus, &c., p. 21. 
Encrinurus deltoides, Foerste, Bull. Denison Univ., vol. 2, p. 102. 
—Keyes, Geol. Missouri, vol. 4, Palaeont, p. 229. 


The description of this species was drawn froma pygidium, Silurian 
of Cape Gardeau, Mo. 

Pygidium subtriangular; width greater than the length. Axis flat- 
tened, convex, with 24 axial joints; the first 4 or 5 are entire, the others 
are interrupted in the middle of the axis and bear several very small 
granules. Pleurae, 8. 

This species is related to E. sex-costata, Salter, from which it differs 
in the greater number of pleurae and axial rings. 

ENCRINURUS BARRANDEI, DeKonick, Resch. Pal. Foss. Sud Aust, p. 
sr Platel igs s. 
—Trans. Mem. Geol. Sur. N. S. Wales, Palaeont, No. 6, p. 40, plate 1, fig. 8. 

Head and tail only known from Yarralumla. 

The head is similar to £. punctatus; it is, however, a little broader; 
the glabella less convex. The occipital furrow faintly marked; genal 
angles are rounded. 

Pygidium subtriangular, slightly broader than long. The axis has 
25-26 joints, not tuberculated. Pleurae 9, smooth; no caudal spine. 
ENCRINURUS MITCHELLI, Foerste, Bull. Denison Univ., vol. 3, p. 124, 

Plate XV, figs. 2, 3 and-20. 

The author illustrates the glabella fixed, and free cheeks, thorax and 
tail. The thorax has 12 segments. Pygidium 9-10; pleurae smooth, 
and 28 axial joints, notched at the sides, with a central row of nodes. 
No caudal spine indicated. Silurian of Australia. 


ENCRINURUS SCHISTICOLA, Tornquist, Sv. Geol. Under. Ser. C, No. 66, 
p. 23, Plate I, figs. 15-17. 

The author illustrates the glabella, part of the thorax and tail. 

The head has the genal angles produced into short spines. ‘The 
pygidium triangular, with a caudal spine. Axis 14-16 joints, extending 
across it, with a central row of nodes. Pleurae, 7-8; first 5 obtusely 
rounded, the last 2 spinous. Surface granulated. 

Dist. of Siljan Dalecarlia. 
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ENCRINURUS SEEBACHI, Schmidt, Obsbal. Sil. Tril., p. 229, Plate XIV, 
figs. 16-26; Plate XV, figs. 21-23. 


The author illustrates the entire species in parts from Wesenberger. 

The genal angles of the head are produced into long spines, almost 
to the last segment of the thorax, as in /. vigi/ans, Hall. The glab- 
ella and cheeks coarsely granulated. 

Thorax with 11 segments. ‘he axis has a spine on the 7th, gth, 
roth and 11th joints. 

Pygidium triangular in shape. Axis 30-32, axial joints extending 
across it. No nodes. Pleurae g; not tuberculated. 

Hypostoma the same as that of E. punctatus. 


ENCRINURUS MULTI-SEGMENTATUS, Portlock. 


Amphion multi-segmentatus, Port., Geol. Rep. of Londonderry, p. 291, plate 3, 
fig. 6 a-b. : 

Ampyx? baccatus, Port., Geol. Rep. of Londonderry, p. 262, plate 3, fig. 11. 

Encrinurus multi-segmentatus, Salt., Mem. Geol. Sur., Dec. 7, Encrinurus, p. 7. 

—Nieszk., Mong. Tril. Ostseeprov., p. 609 (ex. pt.) 

—Schmidt, Untersuch Sil. Form. Erkl., p. 190 (ex. pt.) 

Roemer, Foss. Fauna V. Sandewitz, p. 75, plate 8, figs. 7, a, b, c. 

Cryptogymus multi-segmentatus, Vogdes, Mong. genera Zethus, p. 29. 

Eincrinurus multi-segmentatus, Schmidt, Ostbal. Sil. Tril, p. 227, plate 14, figs. 

vei4-15; plate 15, figs. 19-20. 
—-Tornq., Sv. Geol. Under., Ser. C, No. 66, p. 24, plate 1, figs. 18-19. 
—Roemer, Lethaea erratica, plate 4, figs. 14, a. 


The author figures the pygidium (plate 3, figs. 6-a, b) and the head 
as Ampyx baccatus, plate 3, fig. 11. 

The following is the original description: 

Characters: ‘‘ Axial segments very narrow and numerous, 28 being enu- 
merated as far as the last side segment, and still continuing through very 
minute, to the very apex. A small, lozenge-shaped caudal plate. Side seg- 
ments, 12 on each side, exclusive of the false segment. They are rounded and 
slightly bent or raised at their extremities; no punctures or marks of any kind.” 


Dr. Roemer Foss., Fauna von Sadewitz, p. 75, plate 8, figs. 7, a, b, 
c, illustrates a head and tail, which he refers to this species; fig. 7-a of 
the head has the genal angles prolonged into short spines; fig. 7-c of the 
tail, exhibits side notches on the axis and a smooth centre; no orna- 
mentations 

The same author referred Encrinurus striatus, Ang., to this species 
as a synonym. 

The Irish species will easily be distinguished by its large, coarsely 
tuberculated head and many ribbed tail. The crest of large tubercles on 
the glabella are parted in the middle along the front of the glabella. 
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ENCRINURUS FALLAX, Reed, Quart. Jour. Geol. Soc, vol. 50, 1899, p. 
753, Plate XLIX, figs. 9-12. 

The author illustrates an entire specimen of a young individual; also 
‘the head and tail of an adult; from County Waterford, Ireland. 

The head shield broadly semi-circular, strongly convex. Glabella 
convex, subcylindrical, slightly broader in front than at the base; not 
inflated in front or overhanging the margin. ‘Three pair of short lateral 
furrows. Frontal lobe twice the length of the anterior pair of lobes; not 
overhanging them laterally; it is rounded in front, where it is encircled 
by a marginal furrow, which runs into the deep and strong axial furrow. 
A narrow tuberculated, almost horizontal border, is thus marked off trom 
the anterior end of the glabella, as in E. Seebachi, Schm. Fixed cheeks, 
convex; elevated genal angles, bent down. Eye lobe large and elevated. 

The facial suture curves backwards and outwards from the front of 
the glabella to the 2nd lateral furrow, where the eye is situated; from 
this point it bends slightly outwards, and running nearly parallel to the 
posterior margin in front of the genal angles. Surface ornamented with 
small tubercles. 

Thorax with 12 segments. Axis convex; each ring has a median, 
raised, rounded ridge, ornamented with tubercles; narrow, flat, articu- 
lating band on the anterior and posterior margins. A conspicuous nodule 
is seen on each side of the axis, as in Calymmene Blumenbachi. Pleurae 
with medium tuberculated ridge; free ends bluntly pointed. Pygidium 
with 12-15 axial joints; only the first 9 or 1o rings are entirely across 
the axis; sometimes only the first four. The axis ends in a bluntly 
pointed extremity. The anterior joints have each four tubercles The ist 
pleurae, 3 tubercles; 2nd, two or three; 3rd, two, and the 4th and 5th, one 
ortwoeach. The first pleurae are strong, without furrows, and curve 
regularly backwards; the 5th and 6th pair are weaker, and run nearly 
straight backwards. 

The author compares the species with /. sex-costatus, Salt. It has 
not the overhanging glabella of that species; the lateral furrows of the 
glabella are different; cheeks are tuberculated, not pitted; number of 
axial joints in the pygidium is less; pleurae curve back more strongly, 
and ornamented with tubercles. Salter’s species has smooth pleurae. 

Remarks.—The facial sutures, the glabella, 12 thoracic segments, 
ridged pleurae, also the pygidium, all point to Cybele or a prototype of 
that genus. 

A similar species from Australia, described as 2. Mitchellt, by 
Foerste, has the ridged pleurae and 12 thoracic segments; also the con- 
spicuous nodules on each side of the axis of the thorax, with a similar 
tail, but it has a greater number of axial joints (28) and pleurae (9-10). 
The cast now before me from Bowning does not indicate tubercles. 
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CrypronyMus, Eichwald, 1840. 


Diagnosis: Head semi-circular; genal angles rounded, not produced 
into spines, as in E. punctatus. Glabella gibbous and overhanging, with 
obscure furrows. Eyes prominent; smooth. ‘Thorax with 11 segments. 
Pleurae without grooves, notched at ends. Pygidium triangular, con- 
vex, and rounded at the end, with 9-15 joints and few pleurae (7 or more). 

In typical Aucrinurus punctatus, &c., the axial joints of the tail 
have a single row of nodes; in Cryplonymus variolaris, &c., the axial 
joints two or more rows. 


CRYPTONYMUS VARIOLARIS, Brong., Plate III, figs. 8-9. 


Not named Parkinson Org. Rem., vol. 3, plate 17, fig. 16. 

Illustrates a head and part of thorax, inflated glabella, with large 
tubercles. 

Calymmene variolaris, Brong., Crust. Foss., p. 14, plate 1, fig. 3-b, not 3-a. 

—Murch., Sil. Syst., p. 655, plate 14, fig. 1 (entire). 

Cybele variolaris, Salter, Mem. Geol. Sur., vol. 3, plate 1, p, 344. 

—¥letcher, Quart. Jour. Geol. Soc., vol. 6, p. 403, plate 32, figs. 1-5. 

Zethus variolaris, McCoy, Pal. Foss. Woodw. Mus., p. 157. 

Encrinurus variolaris, Salter, Mem. Geol. Sur., Dec. 7; Encrinurus, p. 7, plate 
4, figs. 13 and 14. 

Cry ptonymus variolaris, Vogdes, Mong. genera Zethus, &c., p. 21, plate 1, figs. 
6-10; plate 3, figs. 13-14. 

Description: Head triangular, gibbous, one-half as long as wide, 
tuberculated. Glabella gibbous and overhanging, spherical, with a short 
neck; the inflated glabella has not an anterior row of tubercles, as in E. 
punctetus. 

Glabella furrows obscured by the size of the tubercles. Eyes large, 
smooth. Occipital ring smooth. Genal angles rounded, with prominent 
tubercle in place of spine. Thorax with 11 segments. Pleurae without 
furrows and notched at ends. Pygidium with 9-12 axial joints; each 
joint frequently interrupted in the middle by one or two isolated nodes. 
Axial grooves distinct; not notched at their sides, as in A. punctatus. 
Pleurae 7, bent down; not spinous, but prominent at the ends; no termi- 
nal caudal spine. 

English species, Wenlock Limestone, &c., known as the Strawberry- 
headed Trilobite. : 


CRYPTONYMUS EXPANSA, Haswell, Sil. For. Pentland Hills, p. 36, plate 
Ato te 

Glabella pear-shaped, rounded in front, narrow behind, with 2 glabella 

furrows extending on each side one-fourth its width, studded with about 

28 small tubercles. Fixed cheeks, convex; triangular genal angles 

rounded; eyes lateral, projecting; thorax with 11 segments. Pygidium 
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bent down; axis smooth in the centre, with transverse marking at the 
sides; 14 joints; 8 pleurae. 

This is a doubtful species of Cryptonymus, but placed here on 
account of its characteristic tail. 


CRYPTONYMUS OBTUSUS, Ang., Pal. Scand., p. 3, plate 4, fig. 9. 

Cry ptonymus obtusus, Vogd., Mong. genera Zethus, p. 22. 

Encrinurus obtusus, Pompecki, Tril., Fauna Westpreuss, Daoo we plates; 
figs, 25, 25-a. 

—Wigand, Zeitschr. Deutsch. Geol. Ges. 1888, p. 92, plate 10, fig. 24. 

This species was described from a tail and part of the thorax from 
Reg. E, Gotland. 

The pygidium is triangular; axis with 12 joints, notched at the sides, 
with a row of central nodes; pleurae 10. 

Pompecki, plate 5, figs. 25 and 25-a, show 14 joints, with 10 pleurae. 
The anterior border of the hypostoma is very much produced in the 
species (see Limdstrom Visual Org. Tril., plate 4, fig. 15.) Plate 3, fig. 14. 
ENCRINURUS RARICOSTATUS, Walcott, Adv. sheets 31st Rep. N. Y. State 


Mus., p. 16, 1877; p. 69 of the report, 1879. 
Encrinurus raricostatus, Safford & Vogdes, Proc. Acad. Nat. Sci., Phila., 1887, 
p. 167, fig. in text. 
Cryptonymus raricostatus, Vogdes, Mon. genera Zethus, &c., p. 27. 
Encrinurus raricostatus, Clarke, Geol. Minnesota, vol. 3, p. 740. 

Pygidium subtriangular, convex; length and breadth about equal. 
Axial not very prominent, with 16 joints. Pleurae 6. 

A similar species from the Trenton Limestone of Wisconsin was 
described by Clarke, Geol. Minnesota, vol. 3, p. 739, as Excrin. vannulus, 
The author illustrated the head, thorax in part, and pygidium. The 
axis of the tail has. 14 or 16 joints, with the first 6 or 7 joints extending 
across it; the others are notched at the sides. Pleurae 6. 

CRYPTONYMUS LAKVIS, Angelin, Pal. Scand. p. 4, Plate IV, fig. 10, Reg 
EK. Gotland. 

—Vogdes, Mong. genera Zethus, &c., p. 22, plate 2, fig. 10. 

——Wigand, Zeitschr. Deutsch. Geol. Ges., 1888, p. 92, plate 10, fig. 25. 

The author figures an entire specimen. The genal angles of the 
head are rounded, and the surface coarsely tuberculated. Thorax, 11 
segments. Pygidium triangular, with 7 smooth pleurae; axial joints 14, 
notched at the sides; centre smooth. 

The hypostoma has its anterior margin prolonged, which character- 
istic marks the species. (Lindstrom Visual Org. Tril., plate 4, fig. 16). 


See plate 3, fig. 16. 

ENCRINURUS BOWNINGI, Foerste, Bull. Denison Univ., vol. 3, plate 22. 
The author illustrates the glabella only, which he compares with 

BK. Barrandei, DeKon. 


76 


The glabella is inflated, clavate, covered with large tubercles. Ina 
specimen from Bowning, N. S. Wales, now before me, the thorax has 11 
segments; it does not show the ends of the pleurae. Pygidium one-third 
wider than long; it has 10 pleurae. ‘The axial joint, 18 or more; the 
first 10 are entire and extend across the axis to opposite the 8th pleurae; 
the other notched at the sides; the centre is smooth and ornamented by 
4 nodes on the 2nd, 3rd, 6th and gth joints. 


ENCRINURUS TUBERCULATUS, Collie, ‘Bull. Geol. Soc. Amer., vol. 14, 
po 418; Plate LEX, fig. 3, Oct-19; t903- 

This name used by Buckland for a species, Bridgw. Treatise, 1837, 
for the species now known as £. punctatus. 

Encrinurus Indianensis, Kindle, Geol. Indiana, vol. 28, p. 482, plate 24, figs. 

14-15, 1904. 

The Indiana specimen exhibits the glabella, fixed cheeks and tail; 
the genal angles apparently terminating in short spines; the pygidium 
elongate-triangular, convex, with 15 axial joints extending across it, 
each joint ornamented by 3 to 5 nodes. Pleurae ro (fig. 15, plate 24, 
only shows 8 or 9.) 

The Pennsylvania specimen has 25 axial joints, with 3 nodes on 
each joint; 8 pleurae. 

The number of axial joints and pleurae vary so much in species of 
this genus, that this slight variation discredits the value of such features 
for specific identification. 

Remarks on the genus Cromus Barrande : 

Certain species, which Barrande has placed under his genus Cromus 
Novak (Ges Wissensch Jahrg, 1886) has referred the older genus Encri- 
nurus, on account of the direction of their facial sutures, which are the 
same in both genera. They are: 


Cromus BEAUMONTI, Barr. Sil. Syst. Bohéme, p. 826, Plate XLIII, 
figs. 6-14. 

In which the genal angles of the head are rounded off; the glabella 
4-lobed; pygidium 15-20; axial joints with 1-4 tubercles on each ring; 
pleurae 12 tips, rounded. See plate 2, figs. 13-15. 

Cromus BoueEmicus, Barr, Sil. Syst. Bohéme, p. 828, Plate XLIII, 
figs. 15-17. 

In which the genal angles of the head are rounded off; pygidium 20; 
axial joints 12; pleurae ends ending in spines. See plate 2, figs. 20-21. 
CROMUS TRANSIENS, Barr, Sil. Syst. Bohéme, p. 828, Plate XLIII, 

figs. 18-19. 

In which the tail is triangular; pleurae 10-12; ends rounded off; 

axis 12-14; from 2-5 tubercles on each ring. See plate 2, figs. 16-109. 
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CROMUS INTERCOSTATUS, Barr, Sil. Syst. Bohéme, p. 824, Plate XLIII, 
figs. I-5. 

In which the head and tail is spined with 20-28 axial joints; pleurae 
12-16; all from Reg. E. See plate 2, fig. 22. 

All the species are characteristic of the typical Cryptonymus in hav- 
ing their genal angles of the head rounded off; pygidia with few joints, 
12-20; and few pleurae, 10-12-16, without the long caudal spine com- 
mon to those species which we have classed under Encrinurus. The 
replacement of fine granules, in place of coarse tubercles, gives a better 
view ofthe marking of the glabella, and exhibit 4 lobes on each side. 

The pygidia of C. Beaumonti and C. transiens are those of Cry ptony- 
mus, although the head of C. znztercostatus has the genal angles spined. 
It exhibits only the variation common to all the genera. 

The pygidia of C. tntercostatus and Bohemicus have the ends of the 
pleurae spinous with the Encrinuride; they are notched at the end. 
There is a general tendency of all Trilobites with semi-cylindrical pleu- 
rae, to extend themselves into spinous terminations, and should only 
have specific value. 

Tornquist exhibits a species, &. schztsticola, from Dalecarlia, which 
has the terminal pleurae of the tail spinous. We also note that the 
tubercles on the axis of the tail vary in number from 1-5; in the centre 
the tendency is to become enlarged. This characteristic is more in keep- 
ing with species of Cryptonymus than in Encrinurus, which has only the 
central row of nodes. 

In tracing these spinous forms from the Ordovician to the Silurian, 
we notice that each group begins its history in notched segmentation. 
This form of pleurae develops into spinous form; becomes more abundant 
at the culminating of the group, reached in Cromus intercostatus; after- 
wards the genus becomies extinct in the higher Silurian beds. 


ENcRINURUS NovAK1!, Frech, Zeitschr d. Deutsch Geol. Ges., 1887, 
p. 735, Plate XXIX, figs. 5-9 of Cromus Beaumonti. 
Cromus Murcuisoni, DeKoninck Rech. Foss. Pal. Sud. Aust., p. 55, 
Plate I, fig. 9. 
The species is distinguished from all others by the shape of the 
glabella and depth of the furrows which separate it from the fixed cheeks. 
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EXPLANATION OF PLATE I. 


ENCRINURUS PUNCTATUS. 

Fig. 1. The head enlarged. 

Fig. 2. The head and part of the thorax enlarged. 

Fig. 3. The pygidium enlarged. 

Fig. 4. Side view of the pygidium enlarged. 

Fie. 5. Interior view of the pygidium enlarged. 

Photographic copies of Kutorga’s plate 8, figs. 4 a-f, with an alteration of 
the anterior course; facial sutures 

Fig. 6. Full grown specimen. 

Fig. 7. Adult specimen. 

Fig. 8. The pygidium, upper fig. of the 10th segment, with spine. 

Fig. 9. Underside of head, showing hypostoma; lower fig.; eye magnified. 

Fig. 10. ‘the hypostoma; the tip is slightly recurved. 

Photographic copies of Fletcher’s plate 32. 

Fig. 11. The hypostoma, after Lindstrom’s plate 4, fig. 5. 

Fee.12. The hypostoma, front and side view—after Lindstrom’s plate 4, 
figs. 12 and 13. 

Fig. 13. The hypostoma enlarged, a sinuated margin: b, cucullate base; 
c, the points of the extended base of attachment. 

Photographic copies of Salter’s plate 4. 

Fig. 14. The head, showing anterior course of facial sutures and hypos- 
tom—aafter Schmidt’s figures. 

Fig. 15. Front view of the head. 

Fig. 16. Under view of the tail, somewhat enlarged to show the incurved 
scabrous margin which unites the lateral ribs of the tail; their free points are 
seen projecting beyond it—after Salter’s plate 4, fig. 15. 

Fig. 17. The hypostoma. 

Fig. 18. The glabella and fixed cheek; shows anterior course of facial 


suture, 
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ExPLANATION OF PLATE II. 


ENCRINURUS SEX-COSTATUS, Salter. 

Fig. 1. A rolled up specimen; from Rhiwlas. 

Fig. 2. A view showing the 11 thoracic segments. 

Fig. 3. Anterior view of the head and tail, showing the raised ridge of 
the anterior branches of the facial suture. 

Fig. 4. Side view. 

Fig. 5, Head cheeks and glabella, showing pitted surface. 

Fig. 6. Magnified view of glabella, showing tuberculated and granulated 
surface of glabella, with 3 lateral glabella furrows. 

Fig. 7. A thoracic segment enlarged: at a, the fulcral point; b, the 
facetted, and c, the blunt, indented tip of the segment. 

Fig. 8. Side view of the pleurae in a coiled state; at a, one of the facetted 
surfaces is seen. 

Fig. 9. The pygidium. 

Fig. 10. Part of the same magnified, to show the scabrous surface. 

Fig. 11. Variety of the pygidium, with 7 pleurae; also fig. 12. 

Photographic copies of Salter’s plate 4, figs. 1-12. 

Fig. 13. ENCRINURUS (CROMUS) BEAUMONTI, Barr. The héad. 

Fig. 13-a. The under side of the head. 

Fig. 14. Side view of the head. 

Fig. i5, Anterior view, showing course of facial sutures. 


Fig. 16. ENCRINURUS (CROMUS) TRANSIENS, Barr. Glabeila and fixed 


Fig. 17. Side view. 

Fig. 18. The hypostoma. 

Fig. 19. Front view of the hypostoma. 

Fig. 20. ENCRINURUS (CROMUS) BOHEMICUS, Barr. Front and side view of 
the hypostoma. 

Fig. 21. The same. 

Fig. 22. ENCRINURUS (CROMUS) INTERCOSTATUS, Barr. The hypostoma. 

Fig. 23. ENCRINURUS PUNCTATUS. Side view of head. 


Fig. 24. Side view of hypostoma. 
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EXPLANATION OF PLATE III. 


CRYPTONYMUS VARIOLARIS, Brong. 

Fig. 1. A young specimen. 

Fig. 2. Rolled up specimen. 

Fig. 3. The headandthorax. The segments are slightly bent backwards; 
it shows the sharpened front edge, and ndtched termination of the pleurae. 

Fig, 4. A rolled specimen, nearly full-grown. 

From photographic plates of Fletcher’s plate 32. 

Fig. 5. Head, showing anterior course of facial suture—after Salter. 

Fig. 6. The same: a, side view; a-a, facial suture. 


Side view—after Fletcher. 
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Fig. 8. Shows front part of head and hypostoma—after Fletcher. 

Fig. 9. Under side of the pygidium. 

Fig.10. The pygidium—after Herrman’s illustration, 1711. 

‘‘Pectunculites marmoreus trilobus imbricatus.”’ 

Fig. 11. The pygidium—after Linné’s figure, 1759. Entomolithus para-- 
doxus. 

Fig.12. Pygidium of £. multi-segmentatus, Portl.—after Roemer. 

Fig. 13. ENCRINURUS EAGANI, Miller—after Miller’s plate. 

Fig. 14. Hypostoma of &. ob/usus, Ang.; front and side views. 

Fig. 15. ENCRINURUS ORNATUS, Hall & Whitfield; from Clinton, Gr. N. Y.— 
after Hall’s plate. 

Fig. 16. Hypostoma of £. Leavis, Ang.; front and side views. 


Fig. 17, CyBELE VIGILANS, Hall, Trenton, a-g, N. Y.—after Hall's plate. 


PLATE III. 


PHOTOGRAPHED IN DIRECT COLOR AND COPYRIGHTED 1911 BY FORD A. CARPENTER 


“RED SNOW” (SPH/ERELLA NIVALIS) 


on Lambert Dome, Tuolumne Meadows, Yosemite, 


July 19,1911. Photographed in colors from nature by 
Ford A. Carpenter, U. S. Weather Bureau 


The Honey Ants of Point Loma 


BY PERCY LEONARD 


Ever since Llave first described a Mexican honey ant in 1832, 
these insects have been more or less before the public notice, and yet 
there are many obscure points to be cleared up in respect to their habits. 

The following notes are a contribution to the subject, and are 
based upon nearly a year’s observations of these ants, both in the wild 
state and in captivity. 

In opening up a nest of honey ants, we are liable to meet with 
six distinct phases. Firstly, and most numerous are the workers, the 
undeveloped females which occur in three sizes, the majors, the minors, 
and the minims; and 
the so-called 
‘*queens’’, who exer- 
cise no regal power, 
but’ are simply the 
ege producers and 
mothers of the com- 
munity. They have 
deprived themselves 
of their wings and 
inhabit the darkest 
recesses of the nest. 


Fig. 1. Winged female of Myrmecocystus mexicanus Next Colmes) thre 
mojave. Major, minor and minim workers. Two ' 
replete majors and a nodule brought Nea ey eneial female 8, 


out of the nest. aie 
adorned with gauzy 


wings of great beauty, and lastly, the almost brainless males, likewise 
provided with wings. (Fig. 1.) 

Besides these we find the repletes, which are not, however, a dis- 
tinct phase, but are simply workers (usually majors) whose crops 
are so distended with honey as to justify their generic name Myrme- 
cocystus (i. e., ant bladders). These ants have evolved their distine- 
tive habit with reference to climatic conditions. In the Californian 
springtime the hills are covered with flowers and flowering shrubs. 
The juicy shoots of many plants are also infested with aphides, which 
excrete the ‘‘honey dew’’. These insects use only a part of the sweet 
sap sucked from the growing shoots, the surplus being excreted, and 
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the foraging ants lap it up from the surface of the leaves, or directly 
from the excretory orifice of the aphides. The quantity of syrup thus 
produced is extraordinary. As an extreme case we may mention an 
aphis_ living 
on the sugar 
maple which 
excretes for- 
tyeen-e het 
Gro ps in 
twenty-four 
hours.* 
During the 
season of 
plenty, a cer- 
tain number 
of the work- 
ers, usually 
majors: are 
set aside to 


4 
store up the 

: Fig. 2. Replete majors hanging from the ceiling of subter- 
supplies eol- ranean honey vaults. 


lected —by 

their foraging sisters. They hang motionless from the vaulted ceilings 
of the underground chambers (Fig. 2), and are always ready either to 
relieve a returning collector of the contents of her crop or to regurgi- 
tate a drop or two to feed a hungry member of the community. The 
swallowed honey is not ‘‘consumed’’; but simply stored. It remains 
in the crop, and is returned to the mouth in the same condition as 
when first swallowed. A minute quantity is of course passed on to 
the stomach proper, for the sustenance of the individual, but the crop 
contents are available for the use of the community ‘‘on demand’’. 

The tendency to active exertion, common to ants, is held in abey- 
ance, and the patient replete resigns herself to the monotonous ocecu- 
pation of serving as a simple container for the fluid wealth of the 
community. 

During the dry season, the whole community depends upon the 
honey stored in the repletes, supplemented by dead bees, wireworms 
and other insects. The replete when appealed to by the antennae of 
another ant opens her mandibles to their fullest extent, and the recipi- 
ent sucks up the honey with mandibles almost shut. In two or three 
minutes the meal is over, and it is usual for the party served to lick 


*Ants, Their Structure, Development and Habits. Page 341. 
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the replete all over and massage the abdomen, as she is powerless to 
perform her own toilet. The crop, which expands to fill almost the 
entire gastric cavity, has no glands discharging into it, and as its walls 
are composed of non-absorbent chitine,* it is to all intents and purposes 
as cleanly a container for fluids as a glass bottle. 


MYRMECOCYSTUS MEXICANUS MOJAVE 


Early in March, 1910, some boys of the Raja Yoga School at 
Point Loma, San Diego, brought me some honey ants. Their gasters 
looked lke partly deflated bladders or half-dried raisins. This was 
because their honey contents had been almost exhausted by the winter 
consumption of the nest, and the spring blossoms having not yet opened 
no fresh supplies were available. 

It is a golden moment in the myrmecologist’s career when, with a 
few blows of a mattock on the hard, tough, sandstone subsoil, he lays 
open the honey vaults. In the bright sunshine the repletes glitter like 
jewels. They look like highly-polished amber beads, clear and trans- 
lucent, as they hang from the domed ceilings. So firmly do they cling 
that only one or two are dislodged by the shock of the mattock. Many 
of the workers huddled together, like frightened sheep, in one of the 
chambers, and made no effort to defend their citadel, but, doubtless, 
they were paralyzed by the sudden glare. All the chambers and pas- 
sages were spotlessly clean and absolutely free from smell. Although 
they look quite helpless, the heavily laden repletes are perfectly well 
able to regain their ,position in the dome when shaken to the floor. 
Wm. M. Wheeler comments on the need of keeping the nest dry to 
prevent the crumbling of the walls and to prevent the growth of moulds 
on the repletes.t My observations, continued daily for nearly a year, 
have convinced me that they actually prefer a moist soil. I have found 
many chambers of repletes about four inches below the surface of the 
flower beds, in a garden which is repeatedly irrigated during the sum- 
mer months. A wild nest under observation was situated at the bottom 
of a steep bank where it received not only its own rainfall but the 
surface water shed by the adjoining slope. The soil crumbles very 
readily when moist, and how the nest escaped disaster is not very 
apparent, nevertheless, it appears to be a strong and populous form- 
ieary. 

At first it seems almost incredible that these ants, whose mandibles 
cannot pierce a plum skin or the rind of a pear, should be able to 

*Ants, Their Structure, Development and Habits. Page 33. 
+“Honey Ants, with a Revision of the American Myrmecocysti.” Page 380. 
$Ants, Their Structure, Development and Habits. Page 177. 
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drive tunnels in the hard sandstone subsoil. The sandstone, however, 
must appear to the ants as liliputian masonry, the stone being repre- 
sented by the sand grains, the mortar by the yellow clay which binds 
them together. It is not a question of cutting through the tiny blocks 
of silica, it is only necessary to moisten the clay matrix with saliva 
and remove the loosened grain. Lafcadio Hearn’s statement that ants 
van bore tunnels in the solid rock is therefore seen to be misleading. 
Wm. M. Wheeler states his behef that the relatively large nest opening 
is an adaptation for increasing the ventilation.t My own view, based 
upon observation, continued for many months, is that the large en- 
trance is required for 
the removal of nodules 
of iron encountered 
while excavating. Dur- 
ing the hot weather of 
July and August the 
entrance was almost 
entirely blocked up 
with little clods; but 
when the first autumnal 
rain fell, softening the 
soil and favoring exca- 
vation, the hole was en- 
larged to a size some- 
what greater than that 
of a ten-cent piece 
(which measures eight- 
een millimeters, in di- 
ameter). (See fig. 3.) 
Six or eight workers 
unite their efforts to 
drag out a_ nodule. 
Each grasps it on its 
equatorial line with her 
mandibles, and_ their 
bodies radiate outwards from this center like the spokes of a wheel 
Those in front drag, while those behind push, and after very heavy exer- 
tions the heavy burden is deposited outside the entrance. To allow egress 
for a team of eight workers surrounding a nodule necessitates a com- 
modious gangway. The constant stream of ants circulating through 
the galleries is probably sufficient to prevent the accumulation of stag- 
nant air. The nursery chambers are invariably situated in the upper 


Fig. 3. Nest entrance of Myrmecocystus mexi- 
canus mojave, with a ten-cent piece (18 mm. 
dia.)- for comparison. A winged female 
lies on the coin. 


t+Ants, Their Structure, Development and Habits. Page 375. 
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portion of the nest, and one may sometimes see a worker carrying a 
cocoon outside the nest as if to give it an airing. 

One usually associates ants with dry weather and sunshine, but 
these ants come out only at night. A thick fog drifts in from the ocean 
spangling the scanty grass blades with glittering drops. The landscape 
is shrouded in darkness; but the httle circle, illuminated by the lantern, 
is a scene of bustling activity. A constant stream of amber-colored 
ants pours out of the entrance hole, each carrying a small pellet of 
sand-grains in her mandibles. Some leave their burden just outside, 
others laboriously plod as far as three or four feet before they drop 
their load and hurry back for another. The underground workings are 
being extended almost every day in the year. I have seen the ants at 
work at 9 p. m. in the pouring rain and at a temperature as low as 
44° Fahr. They do not leave their holes until about half an hour after 
sunset. Thus they escape the birds and the lizards, their only enemies 
being the night-prowling toads, and ant lions.* If we smear a little 
honey on a piece of glass, it is quickly surrounded by 40 to 50 ants, who 
elmb upon each other’s backs to reach the tempting fluid. In two or 
three minutes they are loaded to the limit of their capacity, and then 
they stagger off towards home. They are perfectly ready to regurgi- 
tate, when appealed to on their way by a hungry comrade. The ant’s 
antennae, in which the ‘‘contact-odor’’ sense resides, are cons‘antly be- 
ing cleaned to free them from dust, which must dull their sensibility. 
The eggs and larvae are continually being licked over, probably as a 
sanitary precaution to prevent the growth of moulds, to which they are 
very subject in the damp recesses of the nest. 

As evidence of individuality in character I give the following 
anecdotes. 

An ant had fallen into the moat surrounding my artificial nest 
and was rescued in a moribund condition, and laid upon the surface 
of the island. Two of the workers came up, inspected the sufferer and 
passed by without the slightest effort to help. Presently a minor 
worker arrived and showed the livehest concern, 

For many minutes she vigorously kneaded the patient’s gaster, and 
worked the stiff legs until at last the half-drowned ant revived. 

On another occasion, after a team of six workers had deposited a 
nodule outside the nest opening, one major stayed behind and by 
strenuous exertion dragged the load one-third of an inch further away. 
Its exact location was a matter of absolute unimportance; but the 
major’s notions of exactitude had to be satisfied. 


*Since writing, my nest was raided by driver ants (Eciton sumichrasti) on June 
12th, 1911. The invaders poured into the nest and emerged carrying larvae. They 
were repulsed by spraying them with kerosene oil. “The ant’s most dangerous enemies 
are other ants, just as man’s most dangerous enemies are other men.”—Forel. 
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For more than nine months I was unable to get the least indica- 
tion as to the source of their honey. Occasionally foraging ants would 
drag a dead bee or other insect into the nest; but I could never find 
any foragers returning with distended crops. 

On March 16th, 1911, however, it seemed as if the whole population 
was on the move, and streaming up and down the trunk of a neigh- 
boring pepper tree (schinus molle). An examination of the tree by 
daylight showed a quantity of blossoms, but I could find only one or 
two seale insects. My captive ants greedily lapped up the nectar from 
these flowers. I have found these ants ‘‘milking’’ the aphides upon 
roses and carnations at night. It is probable that almost ali the wild 
flowers are visited by the foraging ants. I know they get nectar from 
the ‘‘rattlesnake weed’’ (Euphorbia setiloba), the honey plant (Echium 
simplex, a cultivated flower), and the blossoms of that fragrant wild 
shrub, Ceantothus cuneatus. As evidence of the stay-at-home habits 
of these ants, I can certify that a honey plant was in full bloom 
twenty-seven feet away from their nest and yet it was three weeks 
before the foragers discovered it. 

The honey stored in a replete of average size I found to weigh 
0.1885 of a gramme, and if we take MeCook’s figure of 600 repletes in 
a nest of the horti-deorum variety* to be approximately true of M. M. 
Mojave, this would give us 113.10 grammes, or a grand total of about a 
quarter of a pound of honey. Small though it may appear to us, I 
faney that the knowledge of a share in this provision imparts a ecrtain 
dignity to every individual member of the nest. 

These ants do not display such a wolfish eagerness to acquire 
chance scraps of food, as is shown by other species, who live from hand 
to mouth. To show the inoffensive character of the ants under consid- 
eration, | may mention that once a troop of little black ants (Dary- 
myrmese pyramicus var. niger) gathered round to lap up some honey 
which I had put at the nest entrance, but there was no resentment ex- 
pressed towards them. 

When watching the nest at night one may sometimes see crickets 
hop about among the ants who cover the ground outside the entrance; 
but no notice is taken of these intruders, and they hop away in a leis- 
urely manner. Once I saw a tiny cricket emerge from the nest among 
the moving throng of ants, and markedly differentiated from his com- 
panions by his sudden, jerky action of progression. He skirmished 
about for a minute or two and then retreated down the hole. Evidently 
he was one of the ‘‘pets’’ of the nest. 

Among the solitary insects, such as the flies, the moths and beetles, 
only a very small percentage of their numerous offspring ever reach 


*“Nature’s Craftsmen.” Page 104. 
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maturity, owing to parental neglect. Among ants, under favorable 
conditions, the infant mortality is practically nil, so that if every 
female produced eggs the population would very soon outrun the 
means of subsistence. It has been very plausibly suggested that the 
ants regulate the supply of ‘‘queens’’ by rearing a selected number 
of female larvae on a full diet, while the great majority of them are 
so insufficiently nourished that their reproductive organs never de- 
velop. The feminine trait of taking delight in nursing the larvae 
survives, however, in its full strength in these stunted females, and 
they devote themselves passionately to the care of the little, white, 
semi-translucent grubs, which resemble a crook-necked squash in gen- 
eral form. I think I have never looked into my artificial nest at any 
time during the day or night without seeing the nursing ants employed 
in caring for the larvae. 

On October 28th, 1910, I caught a worker near my wild nest 
who was carrying about a cocoon in her mandibles. I placed her 
upon the island nest, where a quantity of other workers were wan- 
dering about, not yet having begun to excavate tunnels. There arose 
immediately a tremendous competition to nurse the cocoon. The 
lucky possessor was constantly surrounded by eager applicants for 
the privilege. Sometimes they showed their impatience by stamping 
violently on the ground or jerking their bodies forward in their un- 
controllable desire to caress the helpless pupa. A few days after- 
wards the covering was stripped off, and the pale, unfinished infant 
was carried to and fro without a moment’s peace, as one ant after 
another acquired possession of it. Every worker wanted to be good 
to it and in the end it died, killed by kindness. If the care of the 
luckless pupa had been entrusted to one nurse all would have gone 
well, but by a perversion of the nursing instinct a tragedy resulted. 

On October 16th, 1910, after the first real rain of the winter 
season, I noticed a number of ants peeping out of their hole in great 
excitement. To produce the effect of nightfall I inverted a box over 
the entrance. On raising the box after a few minutes I saw the ground 
alive with ants and among them a virgin queen, which I secured. 
This is the first capture of this phase of M. M. Mojave. The general 
coloring and markings remind one of a wasp. (Fig 1.) Although 
many nests have been searched, only two queens of this species have 
been found. 

During the hot dry spell of weather at the end of August, 1910, 
the ants stayed underground. The entrance was almost closed with 
little clods of earth, which seems to show that the extraordinary 
large nest opening is needed not so much for ventilation as to afford 
egress for ants removing nodules. 
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For some time I had noticed ants come out of the nest carrying 
what seemed to be the corpse of ants in their mandibles. I casually 
noted that they dropped their burdens and returned to the nest. 
Later on, I discovered that these burdens were /zve ants, and that 
when deposited, both parties plodded away in opposite directions 
without showing the slightest trace of emotion. Other observers who 
have witnessed similar occurrences have thought them to be a kind 
of play; but what I saw was much too solemn to be called a frolic. I 
would suggest that the ants carried out were ‘‘callows’’, that is ants 
newly emerged from the chrysalis, and that after being allowed to 
harden their shells for some days in the shelter of the nest they were 
thus formally introduced to the outside world as a hint that they might 
now undertake the regular work of the nest. 

Professor Wheeler has established the fact that it is only ‘‘eal- 
lows’’ which are capable of becoming repletes. Once an ant gets 
thoroughly matured and hardened it appears to lose the elasticity re- 
quired in order to allow of the enormous distention of the crop which 
characterizes the replete. An ant in process of becoming distended 


* 


Fig. 4. Five replete majors of Myrmecocystus mexicanus mojave posed on a string. 


to the proportions of a replete can never be confounded with a re- 
plete who has fed away her store and is slowly collapsing to her 
normal condition. In the former case the gaster is tense and more 
or less spherical (Fig 4), in the latter the skin is corrugated into folds 
and the segments stand out as ridges. 


MYRMECOCYSTUS MEXICANUS 


These ants have never been found in the United States until 1910, 
and our discovery of a nest on Point Loma was the third reported 
occurrence of this species in the year. 
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On November 6th, I dug up a nest in a soil composed of dis- 
integrated shale. They are hardly distinguishable to the casual ob- 
server from the preced- 
ing species, except by a 
slightly darker color. 
There were many 
semi-repletes moving 
about the galleries (Fig. 
5), and about eight lay- 
7. ie ing females. 
ae pees Mm When opened up, the 
oe 7 resulting hole was only 
three feet deep and two 
‘ feet in diameter—evi- 
Meanus, “Partially deflated replete majors, males, Goutly @ new nest. The 
and major, minor and minim workers. la yin g females, in 
pleasing contrast to the 
queens in a beehive, are very friendly and spend hours with their heads 
together, caressing one another with their antennae.. On January 30th, 
1911, I found a solitary female in a little hole in a bank. The excava- 
tion could not have been more than a day or two old. Had she been 
undisturbed, in due time a new colony would have been produced by 
her unaided efforts. 

Shortly after I had established an island nest in a basin and had 
moistened the earth, a minor worker was struck with the idea of 
sinking a shaft. Accordingly she scratched away at the soil, using 
her fore legs just like a terrier. Her energy was so infectious that a 
major joined her, and presently a minim was drawn into the under- 
taking. Ants digging in pure sand are obliged to remove it grain 
by grain, but the slightest admixture of -clay permits the formation 
of pellets thus enormously economizing labor. The loose dirt is first 
scraped into a heap under the ant. The gaster is then curved forward 
and downward as in the act of stinging* and the front pair of legs is 
used to pat the earth against the opposing lower surface of the gaster. 
The loose soil granules are thus packed into a solid pellet, which is 
seized in the mandibles and carried out. When digging a gallery 
against the inner wall of a glass tumbler, the digging consists for the 
most part in tugging at the sand grains and detaching them by main 
force. The gallery is afterwards enlarged to give passage room for 
the females. One of the nests under observation had its entrance 


*N. B. No ant of the Subfamily Camponitinae, to which the genus Myrmecocystus 
belongs, possesses any sting. They have a large poison bag, the contents of which are 
used to spray their enemies and their prey. 
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against the edge of a level slab of smooth concrete, so that the circular 
area over which the ants deposited their excavated soil was divided 
into two parts; one extended over a flower bed, the other over a sur- 
face of cement. 

Every day the concrete slab is swept, so that on any given morn- 
ing the loose earth is exactly half of the total amount brought up 
during the preceding night. On January 24, 1911, the radius of the 
circle of debris was 7 feet, 4 inches. The night had been calm, so 
that in sweeping up the deposit I am sure that I collected no wind- 
borne particles. The weight was 23.6489 grammes, and by doubling 
this figure we get the total output of loose dirt for the night. When 
poured into a cubic inch measure it almost exactly filled it. Under 
favorable conditions, therefore, these ants can excavate nearly two 
cubic inches in a night. During a colder night, a few days previous, 
the radius of the circle was only 4 feet 8 inches. Quite early in the 
evening, some ants will be seen travelling to the very circumference 
of the circle, passing by bare spaces where we might imagine they 
would be perfectly justified in getting rid of their load. 

Prof. Wheeler, in speaking of repletes, remarks that they ‘‘are 
of course imprisoned for lfe’’; but I have found my ants gradually 
resume their original figure when their contents are exhausted. In 
the nest [excavated November 6th, 1910, there were two or three 
dozen semi-replete majors whose gasters were no larger than those of 
the fertile female’s and who could walk about quite freely. Others 
had apparently been entirely emptied, owing to the lapse of time 
since the spring honey harvest and their gastric segments were in a 
distressing condition of misfit. They did not overlap smoothly. but 


Fig. 6. Replete major of Myrmecocystus mexicanus unable to regurgitate honey 
while hanging, and who has to assume a recumbent posture before she 
can feed her sister workers. 


were warped and twisted out of shape. But another course is open 
to a replete who finds her honey content diminishing. She may 
swallow air and thus maintain her size. (Fig. 6.) This is done by 
both M. M. Mojave and the present species. In my artificial nest I 
found a full-sized major replete three-quarters full of honey, and 
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with an air bubble occupying the upper region of the erop. I stinted 
supphes of honey to bring about diminution of her stock, and as she 
fed away her store the air bubble increased, until it filled three- 
quarters of her capacity, while the remaining quarter of honey lay 
in the lowest part of the crop. 

I now frequently found her lying on the floor of the little grotto 
where she lived, with six or eight workers gathered around to be fed. 
The reason for her recumbent posture is at once apparent. So long 
as she was hanging from the ceiling, the air bubble occupied the upper 
portion of the crop, and her efforts to regurgitate honey could only 
result in an escape of the imprisoned air; but if she lay upon her side, 
or ventral surface, on the principle of the spirit level the air rose to 
the highest point of the gastric wall and then any contraction of the 
proventriculus, or pumping stomach, forced the honey out at the 
mouth. Contrary to the observations of McCook on the _ horti- 
deorum variety, I have found that these ants very economically 
lap up the honey contents of dead repletes, after depositing the heads 
and thoraces in the moat round their nest. It was very amusing to 
watch the workers of this species feeding their larvae with eggs. 
The nurse holds the egg in her jaws and squeezes it into the mouth 
of the helpless baby, who shows great eagerness to be fed. After the 
larva has got what it can, the nurse cleans out the shell, and regurgi- 
tates the remnant into the larva’s mouth. Frequently the nurse sticks 
an egg on to the back of the larva’s neck by saliva, so as to have it 
ready for the next feeding time. 

Although these ants have no stings, they can spray some poisonous 
fluid into the wounds made by their mandibles, from a gland situated 
in the tip of the gaster. Two caterpillars, an inch and a half long 
and a quarter of an inch in diameter, succumbed to the spray in a few 
minutes, and were dragged down into the nest for food. It is quite 
common to find dead insects, termites, flies, ete., lying among the 
larvae, and in wild nests and among captive communities it is usual 
for two or three repletes to hang from the ceilings of the nursery 
chambers. Sometimes the larger larvae remain for a long time with 
their heads thrust into the thoraces of dead flies, devouring the 
muscular tissue. 

The high development of ants is shown by the long period of 
helpless infancy and absolute dependence upon the care of the nurs- 
ing workers. Although they lie upon the bare earth of their caves, 
they are protected from actual contact with the soil by stiff bristles 
which are set in their soft skin, and which allow of a free circulation 
of air all round them. Living as they do in damp subterranean caverns 
they are peculiarly liable to be attacked by various moulds, and it is 
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for this reason that the nurses are indefatigable in licking their 
charges to remove the spores from which these vegetable parasites 
take their rise. Larvae isolated from the attentions of the workers 
very quickly succumb to these exhausting growths. It is probably 
due to the need of a certain amount of ventilation that the larvae are 
usually found in the upper chambers, thus presenting a parallel with 
the case of the short-tailed field vole (microtus agrestis), of England. 
The ordinary retreat of these rodents is a burrow situated far below 
the surface; but their young are reared in a nest of split grass, built 
upon the very surface of the ground. They are exposed to innumer- 
able dangers, of course; but a litter of six or eight young mice would 
probably be suffocated if confined in a deeply situated nursery. 

As showing the preference of these ants for moist surroundings, 
I may mention that for some months I kept a colony upon a porous 
earthenware saucer inverted in a basin of water and completely cov- 
ered by a mound of clay and sand. When I eventually broke up the 
formicary, I found that the chambers and galleries had all been 
hollowed out in the soil immediately above the damp earthenware 
surface, the saucer itself forming the floor. The higher and drier 
portién of the mound had not been inhabited at all. 


PRENOLEPIS IMPARIS 


fs found here in great abundance, and is common from the At- 
lantie to the Pacific. We will content ourselves, therefore, with mere- 
ly recording its occurrence. It ascends the blue gum, (eucalyptus 
globulus), and may be found by the dozen resting half hidden among 
the fragrant anthers. 


MYRMECOCYSTUS MELLIGER FOREL 


The typical form has not yet been found here, but a variety which 
appears to be intermediate between varieties testaceus and semirufus 
has been identified by Professor Wheeler. 


MYRMECOCYSTUS MELLIGER LOMAENSIS 


Another variety or sub-species has been found here, only previously 
reported from Riverside and Whittier by Mr. Quayle. 

This ant is strictly diurnal in its habits, and has been seen feeding 
upon the white flowers of mesembryanthemum aequilaterale. 

In an artificial nest these ants were fed with a drop of bee’s honey 
in a leaf. Instead of greedily lapping it up, as the first two species 
here treated of would have done, they became violently agitated. 
They flung themselves upon the honey and sprayed it with their poison, 


97 


snapping at it furiously with their mandibles, and it was some time 
before they realized that it was good for food. Is it possible that 
being diurnal in their habits they have a perennial feud with honey 
bees when they compete with them for the contents of the nectaries 
of flowers, and that the smell of the honey forcibly suggested bees 
to their minds, and provoked the customary hostilities?) Whereas the 
honey bees require a hollow tree and household furniture in the shape 
of waxen cells for rearing brood or storing honey, the ants can carry 
on their lives with nothing more than food, and a few cubic feet of 
soil. They use no implements, utensils nor bedding, and the sole 
garment they require is the swaddling gown of woven silk that wraps 
them in the pupal state. Ants have no personal ambition. The only 
end they have in view is to cover the earth with colonies of their own 
particular species, and urged by this remote, impersonal desire they 
spend their lives in ceaseless toil. The instinct which impels the ants’ 
unselfish labor is probably as irresistible as that which forces human 
beings to pursue their personal advantage. The personality of ants 
appears to be dissolved, and every individual seems to act as if it was 
the agent for that nameless, universal will that urges on the slow ad- 
vance of cosmic evolution. Without compulsion or direction their 
social life is carried on in perfect harmony. Each ant is a law to her- 
self; but as the aim of all is identical, a spirit of perfect harmony 
prevails. The ants have shown the possibility of a perfect communal 
life, and have proved that individuals can be incited to the maximum 
of effort with the minimum of personal advantage, and that the little 
states based on unselfish sisterhood are supremely fitted to survive in 
the struggle for existence. 


This paper would be incomplete without an expression of grateful 
acknowledgement to Professor William Moreton Wheeler for his kindness in 
identifying the various species of ants to which reference has been made. 
Without this help in naming specimens, and the assistance derived from his 
correspondence, the production of the paper would have been indefinitely 
delayed. 

The illustrations are from plates prepared expressly to illustrate the 
text, and are the work of the Lomaland Photo and Engraving Department, 
Loma Homestead, Point Loma, San Diego, California. 

It may be of interest to note that I have in my possession specimens of 
replete Honey Ants collected at Coronado, San Diego, in 1890, by Dr. F. E. 
Blaisdell, formerly a member of the San Diego Society of Natural History. 
They evidently belong to the species Myrmecocystus mexicanus, but whether 
to the pure type, or to one of the sub-species or varieties, it is impossible 
to determine, owing to their defective state of preservation. 


ase 
Ad dat - 


Descriptions of Some Varieties of Shells, 
with Short Notes on the Geographical Range 
and Means of Distribution of Land Shells 


BY HENRY HEMPHILL 

The study of variation among Mollusks involves the consideration 
of the laws of life, if one desires to understand or ascertain the cause 
or causes that produces all this great diversity that we see in every 
department of nature. 

Briefly, hfe as I understand it, consists of energy moulding mat- 
ter into form and of expressing through those forms, not only the 
objects of life, but also the properties of matter. 

An organism is a specialized portion of energy and matter, sep- 
arated from the great mass, and endowed with organs that have func- 
tions for performing special work necessary in the economy of the 
creature, all of which act in harmony with the class to which the 
organism belongs. 

Development is the fundamental law of growth, and nature’s 
great working basis in organic evolution, and should be the working 
basis of every student of her laws. 

Diversity, or variation as it is frequently called, is the detail 
work of development and evolution, if we can separate the action 
and meaning of these two closely related terms. 

The fundamental law of equilibrium presides over all of. nature’s 
laws. It is dual in its activities; radiates, so to speak, from a common 
center in opposite directions, and adjusts diversity by developing 
opposite varieties of equal weight, quality value and importance in 
each class of organisms, and generally maintains or keeps the union or 
unity of nature complete. 


MUREX CARPENTERI TREMPERI, HEMPH. 


Murex carpenteri, Dall., has been described as, of a “‘livid brown 
color, pinkish towards the apex and whitish around the aperture’’. 
I have in my collection one specimen dark reddish brown in color, 
with a dash of white along the columellar side of the aperture; an- 
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other with the body ashen white, shading off darker on the varices, and 
another one of the typical coloring. 

Recently I have seen in the very fine collection of Dr. R. H. 
Tremper of Ontario, Cal., a magnificent series of this and other deep 
water shells, from the Santa Barbara channel, and perhaps the best 
eollection of these shells extant, in good condition and artistically 
arranged to please the eye. Among the lot there is a series of Murex 
carpenteri, about typical in form and coloring, with the addition of 
three white revolving bands, that expand in width as they pass toward 
the outer edge of the foliated varices, and show on three of the spire 
whorls. There are three broad, thin varices on the specimen before 
me, the edge of the last broken by five rather broad, circular indenta- 


Plate 1.—Murex carpenteri tremperi.—Hemphill (Enlarged.) 


tions, separated by four broad, rather short, chisel-shaped digitations, 
curved upward at the ends. The somewhat large basal indentation 
forms about two-thirds of a regular cirele, is one-fourth of an ineh 
across, its edge thickened and regularly reflexed, except next to the 
long, curved and well-covered canal. The body and varices are quite 
smooth, except the last varix, which is roughened on the lower side 
by wavy, file-like striae. 

These beautiful shells were dredged in the Santa Barbara channel, 
off Newport, by Dr. R. H. Tremper, who kindly gave me a specimen 
and to whom I dedicate this beautiful variety. 


OCINEBRA STEARNSI, HEMPH. 


The general outline of this small shell is diamond shape, with the 
side points rounded off. It is composed of six turns or whorls. The 
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nucleus or embryonic whorls, are white, rather rough, and consist of 
about two turns. The next whorl has flat sides and a square-edged 
shoulder and is divided by a small revolving groove into two revolving 
nodulus riblets with shallow pits, in the interstices. The antepenulti- 
mate and penultimate whorls are convex in form and divided into three 
revolving nodulus riblets by two revolving grooves, with deep, 
rounded pits in the interstices. The convex body-whorl comprises 
nearly two-thirds the entire length of the shell with similar sculptur- 
ing as that of the two preceding whorls, and with the pits more con- 
spicuous above, than below the periphery of the body-whorl. The 
suture is distinct and well impressed. The outer lp is very much 
thickened for such a small shell, its outer edge being faintly denti- 
culated by the revolving ribs and grooves, the inner edge just within 
the aperture bearing 5-denticles. The form of the aperture is oval, 
slightly pointed below; canal short and covered. The base of the 
columella is creased by an umbilical slit. The color is light or dark 
yellow or brownish, plain or with a single white revolving band at 
the periphery of the body-whorl, covering one and sometimes two of 
the revolving riblets. 

Length, 18; breadth, 8 mm. Habitat, Monterey, Cal. 

This smal] shell has the general form of O. gracillima, Stearns; 
the coloring of O. lurida as well as that of O. gracillima, and some 
varieties of interfassa, but may be readily separated from other mem- 
bers of the lurida group by the pitted sculpturing. I dedicate it to 
the late Dr. R. E. C. Stearns, in return for many favors of a similar 
kind. 


HELIX VAR. SONOMAENSIS, HEMPH. 


Shell rather small, greatly depressed, umbilicated, of a yellowish 
or buff color, whorls 514, slowly increasing in size, the last flatly 
convex beneath, and not excavated around the umbilicus; umbilicus 
large and deep; suture distinct; aperture rather small, nearly quadrate 
in form and bearing on its columellar portion a long oblique tooth; 
peristome slightly reflected, crowding but not covering any portion 
of the umbilicus, and bearing on its inner side two small denticles, one 
on the basal, and the other near its upper termination. 

Great diam., 8; height 244 mm. 

Great diam., 7; height 24% mm. 

Habitat, near Healdsburg, Sonoma County, Cal. 

The larger size, more depressed form, lighter color, and larger 
umbilicus, will serve to separate this variety from the other known 
forms of Helix (triodopsis) loricata Gld. 
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TONITES (CONULUS?) WASCOENSIS, HEMPH. 


Shell small, smooth, shining, transparent, perforate, consisting 
of 414 or 5 convex whorls—the last a little more tumid than the penul- 
timate whorl; striae of growth very fine, hardly perceptible under a 
strong pocket lens; suture distinct, well impressed; aperture moder- 
ately narrow, semilunar; outer lip simple, acute, not falling at its 
upper termination; columellar portion of the shell, very convex; 
base of shell convex, hardly excavated around the umbilicus; umbilicus 
small and deep. 

Great diam., 2; height 1 mm. 

Habitat, Wasco County, Oregon; also near Salem, Oregon. 

This small shell seems to be new. It has the aspect of Tonites 
chersennellus Dall., but is about half the size of that shell, with about 
the same number of whorls. The aperture is narrow and resembles 
that of L. ecapsella Gld. 


HELIX WALKERIANA, HEMPH. 


Shell umbilicated, glaubosely convex, rather thin and somewhat 
transparent, of a reddish brown or chestnut color; spire elevated with 
an obtuse apex, or with a sharp pointed apex on the narrow, tall 
forms; whorls 5144 convex, the last well rounded above and below, 
descending a little in front, bearing a well defined chestnut-colored 
revolving band just above the periphery, margined by two light yel- 
lowish or horn-colored zones or bands, all three of about equal width. 
These bands are rarely absent, but when the central band is absent 


Plate 2—Helix walkeriana—Hemphill. (About natural size.) 


the marginal bands coalesce and form a faint light revolving zone. I 
found but one shell with all the bands absent. 

The seulpturing consists of rather coarse oblique file-like striae 
of growth cut by numerous, rather fine, well impressed but irregularly 
spaced revolving grooves, forming in some instances parallelograms 
or little squares, and numerous rude, rather coarse granules, that 
occasionally coalesce and are arranged along the striae of growth or 
are scattered over the upper surface of the body whorl. Below the 
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periphery this seculpturing becomes much modified, and disappears 
near the umbilicus. The suture is distinct and well impressed ; 
aperture, subcircular and large; peristome simple, very slightly re- 
flected, its ends approaching the basal or columellar end, crowding 
and half covering the rather small umbilicus. 
Great diam., 26; height 20 mm. 
Great diam., 25; height 18 mm. 
Great diam., 20; height 14 mm. 
A very elevated shell measures: 
Great diam., 20; height 20 mm. 
Two depressed shells measure: 
Great diam., 23; height 19 mm. 
Two small shells measure: 
Great diam., 19; height 15144 mm. 
Great diam., 18; height 1414 mm. 
Habitat, San Luis Obispo, Cal. 


HELIX VAR. MORROENSIS, HEMPH. 


This variety of walkeriana differs from the typical form, in hav- 
ing the revolving grooves obsolete, or extremely faint, and more pro- 
fusely granular. 

Great diam., 29; height 18 mm. 

Great diam., 22; height 16 mm. 

Great diam., 18; height 15 mm. 

Habitat, San Luis Obispo County, Cal., among brush and_.rocks. 

This shell and its variety are extremely interesting forms, when 
one reads and interprets their combinations of characters intelligently. 
It combines the form, file-like striae of growth, open umbilicus and 
general aspect of Helix ramentosa Gld., with the glaubose (not typical 
form), open umbilicus, file-like striae of growth, and the revolving 
grooves of the typical H. ayresiana Newe. 

I dedicate this shell to Mr. Bryant Walker in recognition of his 
valuable services in the study of conchology. 


CIRCINARIA VAR. KELSEYI, HEMPH. 


Shell umbilicated, greatly elevated, of a yellowish horn-color ; 
whorls about 5 convex above and below, gradually enlarging, the 
last sloping rapidly to the periphery; spire greatly elevated, with a 
medium pointed apex; striae of growth oblique, rather fine; suture 
distinct but not very deeply impressed; aperture somewhat effuse, 
roundly oval; peristome simple, a little thickened, outlined by a rim 
of dark brown epidermis, the ends approaching and joined by a thin 
parietal callus; umbilicus deep and quite narrow. 
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Great diam., 15; height 12 mm. 
Great diam., 16; height 9 mm. 
Great diam., 17; height 10 mm. 


Plate 3—Circinaria var. kelseyi—Hemphill. (Natural size.) 


Habitat of the most elevated shell, San Mateo County. 

Habitat of the other two shells, San Luis Obispo County, Cal. 

I dedicate this variety of Prof. F. W. Kelsey of San Diego, Cal., 
who has taken much interest in the study of shells, and whose photo- 
graphs of shells are nearly perfect. 


HELIX VAR. AVALONENSIS, HEMPH. 


Shell sub-lenticular, deeply unbilicated, whitish horn-color. 
Whor'ts 5 or 514, flatly convex above, more rounded beneath, with a 
sharp carina at the periphery, which becomes obsolete on the last half 
of the body-whorl of the single mature shell that I have. The sculp- 
turing, under a strong pocket lens, on the nuclear whorls, consists of 
fine rib-like striae of growth, regular in form and arrangement, that 
after two or three turns become obsolete and are superseded on the 
following whorls by very small revolving granular riblets, one of 
which rapidly develops into a sub-carina with the aid of the pinch 
of the peripheral carina, making the shell bicarinate as in Helix hemp- 
hili, Newe. The revolving riblets above and beneath vary consider- 
ably in strength, number and arrangement. 

The whole surface of the shell, except the nuclear turns, is cov- 
ered with fine, sharp striae of growth, and rather rough indentations 
that divide the surface of the shell into irregular sections. Beneath 
the surface is smoother, but under a strong pocket lens, the sharp 
striae of growth and the revolving riblets give that portion of the 
shell the exact aspect of Helix haydeni, Gabb. The suture is distinct 
and well impressed and after three or four turns shows the upper 
part of the carina as a sutural riblet. 

The umbilicus is moderately broad and deep, and in very young 
shells, it is defined by a blunt carina, but does not appear in the adult 
shell. The peristome is simple and acute, its upper termination not 
falling. The aperture is nearly a complete circle, but in immature 
specimens its outer margin is made angular by the peripheral carina. 
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Great diam., 14; height 8 mm. 
Habitat, Santa Catalina Island, Cal. 
The presence of a colony of land shells, living on Santa Catalina 
Island today, belonging to the strigosa group, whose metropolis at the 


Plate 4—Helix var. avalonensis—Hemphill. 


present time is several hundred miles distant and northward from this 
island, at an elevation of from four to eight or ten thousand feet above 
the sea level, with a great stretch of desert-lke country intervening 
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between the coast and the metropolis of this group of shells, calls for 
some explanation and remarks on the geographical range, and the 
means of distribution of such slow-moving creatures. 

Undoubtedly in the early history of the continent, it has been ele- 
vated and submerged several times above and below the sea level, 
before the land assumed its present state or condition. The great 
abundance of marine fossils in the various stratas of rocks in every 
part of the country, inland as well as‘along the coast, and in the low 
valleys as well as on the high mountains, confirm this statement. 

Perhaps, after many hundreds of centuries had passed, and dur- 
ing the miocene or about the middle of tertiary times, the continent 
became comparatively quiet, and when the great lake system of the 
interior had become well established, and dense forests and rank 
vegetation had become well developed, and served as food for the great 
herbiverous creatures of that time, whose fossil remains are found in 
almost every part of the continent, whose bodies became, in turn, the 
food of the huge carniverous amphibians that lived in the lakes and 
low marshy land at that time, and were probably the terror of their 
day, and whose fossil remains are the wonder of men at the present 
time. * 

It is quite possible that land shells and probably Helix strigosa, 
or its progenitor of large size, may have occupied the higher and dryer 
areas of the land, as it does today, and became widely distributed by 
the floods and drainage system of that time, Santa Catalina Island, 
with the other islands of the Santa Barbara group, were probably 
high landmarks of a broad range of mountains, at that time, and ex- 
tended many miles in a northerly and southerly direction, and probably 
spread out many miles beyond San Nicolas, the outermost island of 
the Santa Barbara group. 

Perhaps, during the latter part of miocene times, this colony of 
the strigosa group and the other land shells that are peculiar to these 
islands today, occupied high areas on these mountains. At the close 
of the miocene period great volcanic disturbances occurred again, 
when this Santa Barbara range, as it may be called, went down below 
the sea, leaving the eight islands standing above the turbulent waters. 
as monuments or tombstones to mark its burial place, where these 
stranded colonies of land shells have continued to exist but have be- 
come somewhat modified in form. Fossil land shells of the present 
living forms, indicate considerable age and seem to support these 
assertions and suppositions. 

About the time that this western range of mountains became 
submerged, another and perhaps the last general elevation of the 
continent took place, when a hundred voleanoes on its western slope, 
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belched forth a flood of lava that formed high ranges of mountains and 
laid the rocky floors of many valleys in its flow to the lower levels, 
and perhaps during this great upheaval the limestone bedrock of the 
Mississippi and adjacent valleys was pushed up to its present height, 
out of the sea, which its marine fossils indicate. 

At this time it is possible that part or all the continental moun- 
tain ranges were raised to their present elevations, probably higher, 
in which time and the adjustment of the earth’s crust to the new order 
of things after these upheavals, may have made some minor changes. 

With this general elevation of the land the barriers that held the 
waters of the great internal lake system of that time were broken, 
the water rapidly drained off and the rush of floods cut the river 
ehannels that form the drainage system of the continent, which the 
storms and floods subsequently have completed as we have it today. 

As the geographical range of land shells is a question of consid- 
erable importance to conchologists, IT wish to eall especial attention to 
the rivers and drainage system of the continent, as the principal 
avenue and means of distribution of these slow-moving creatures. 

Little study of the map of North America will show that all the 
principal rivers that form the drainage system of the continent have 
their source in the district formed by, or near, the union of the states 
of Idaho, Montana, Wyoming, Utah and Nevada. These rivers flow 
to the Arctic ocean at the north, to the east and south, into the At- 
lantic, to the southwest, the west and northwest into the Pacific ocean, 
and curious enough, this district, the source of all these rivers, is also 
the metroplis of all the genera of the universally distributed American 
land shells. I have collected in this district myself, the following 
genera: Suecinea, Vitria, Tonites, Circinaria, Helicodicus, Patula or 
Pyramidula, Polygyra, Vallonia, Pupilla, Cochlheopa, Polygyrella, 
Hemphillia and Prophysaon. 

The last three genera, however, are confined in their geographical 
range to the western slope of the continent so far as we know at the 
present time. 

There is little doubt in my mind, that the universally distributed 
genera and species have been scattered over the continent principally 
by the drainage system. 

During heavy storms and great floods, whole colonies, as well as 
individual shells, are washed into the streams with the woodland 
debris and earried far away from their native haunts in the higher 
areas of the mountain districts, to the lower levels of the valleys, 
where lodgments are made, and colonies are formed, perhaps after 
many failures, but in the course of time become permanently estab- 
lished and spread over the adjacent territory. 
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Here under the constant stress of changed conditions in the en- 
vironment, principally perhaps, by the chemical affinities contained in 
the food and atmospheric conditions, the progeny of the newly estab- 
lished colonies become modified wholly or in part as the adjustment 
of the organism to its environment demands and requires. 

This manner of distribution by the drainage system has been 
going on for ages, and is still scattering the slow-moving creatures 
over the face of the land, and it is not strange and no wonder that 
we meet with similar shells, high up on the mountains, low down in 
the valleys, far up in the cold north, away down in the hot south, back 
in the effete east, out in the wide west, as well as on the beautiful 
islands of the sea. 


Photographing “Red Snow” 
In Natural Colors” 


BY FORD A. CARPENTER 


On July 13th, 1911, as we were encamped on the shores of Lake 
Merced in the Little Yosemite Valley, the advance party of the Sierra 
Club returned with the news that ‘‘red snow’’ was visible for many 
miles over the Vogelsang pass. At the campfire that evening, Dr. C. A. 
Kofoid, professor of zoology at the University of California, gave an 
informal talk on proéococcus nivalis, or, according to the new nomen- 
elature, sphaerella nivalis, popularly known as ‘‘red snow’’. He ealled 
attention to the fact that this phenomenon was unusual even in the 
mountains of the Sierra Nevada, and that the members of the Sierra 
Club were fortunate in having the privilege of viewing this interesting 
species of algae. Dr. Kofoid’s talk aroused the anticipation of the 
members so that it was discussed in many of the detached groups as 
they clambered over the Vogelsang trail early the next morning on their 
20-mile jaunt to the Tuolumne Meadows. 

It was not at all remarkable, however, that with the magnificence 
of the panorama spread before them on approaching the rugged Vogel- 
sang Pass, that the phenomenon of colored snow was almost forgotten. 
In fact, our party first noticed it while following in the trail broken 
by the pack animals. The trail led through several miles of deep snow 
into which the pack train plunged heavily at every step. Several of 
the hoof-prints were splotched with red as if the snow erust had cut 
the mule’s feet and dyed the snow with drops of blood. Then it dawned 
upon us that we were witnessing that alpine curiosity, sphaerella 
nivalis. The place where the first sphaevella n7valts was observed was 
in the néarly perpetual snowfields on the saddle of the Vogelsang 
Pass. This Pass has an altitude exceeding 10,000 feet and the sur- 
rounding peaks and erests are rugged and forbidding. Owing to the 
length of the day’s march the party could not linger on the trail, but 
tramped steadily forward to that night’s camp at the Tuolumne 
Meadows. 


*See frontispiece. 
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It was on the summit of Lambert Dome, which is the dominant 
feature of the Tuolumne Meadows, that the photograph which accom- 
panies this article was taken. Lambert Dome is a solid mass of granite, 
rising a thousand feet above the Tuolumne River that skirts its base. 
It is a rock which has withstood the grinding of the glaciers of the 
past, and shows on its crest glaciated patches polished to a mirror- 
like surface. While the Sierra Club was in camp across the river at 
the Tuolumne Meadows, Lambert Dome was the objective point of 
many short climbs. It was during one of these excursions that patches 
of sphaerella nivalis were found. To quote from my note-book under 
date of July 16th:—‘‘On the west side of Lambert Dome are patches 
of ‘red snow’. It looks as if carmine ink has been spilled over the 
snow. The snow-drift, splashed with red, is in the immediate fore- 
ground, the tall pines on one hand, and the precipitous sides of the 
Dome on the other inclose a vista of deep green tree-tops and meadow, 
through which meanders the silvery Tuolumne River. The purple 
foothills flank the snowy glacier-scarred peaks that pierce the sky: the 
whole is overhung with slowly drifting cumulus eclouds.’’ It was 
under these picturesque circumstances that the first photograph of 
‘‘red show’? was ever made in natural colors. 

One of the most prominent members of the 1911 outing of the 
Sierra Club was Dr. W. L. Jepson, of the botanical department of the 
University of California. 

Upon request he furnished me this memorandum on_ sphaerella 
nivalts: ‘‘*Red snow’, protococcus nivalis, or according to the latest 
nomenclature, is sphaerella nivalis. The cells are spherical and have 
no power of motion in the frozen snow, but in the summer, when the 
snow melts, the cells become vegetatively active, increase in size, and, 
after the fashion of the simple algae, divide into usually four, or six, 
or eight (or even two daughter) cells. These daughter cells escape 
from the original cell, and by means of rotating hairs at one end, they 
have the power of motion through the melted film of water, which fills 
the spaces between the particles of snow on a warm summer’s day. 
The cells secure their nourishment partly from the water, and partly 
from the atmospheric dust which always lies on the snowfield, and 
which becomes dissolved in the film of melted snow.”’ 

The color-plate of shhaerella nivalis, which forms the frontispiece 
of this volume of the transactions, is a direct reproduction from the 
original photograph made by the Lumiere process in natural colors. 
The apparatus used in making this autochrom was a 314x514 camera 
fitted with a No. 1, Series III, double anastigmat, F 6.3, 6 inch focus, 
diaphragmed down to f24. The autochrom was given an exposure of 
6 seconds. This relatively long exposure was necessary on account of 
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the yellow-orange rayfilter which was fitted to the lens in order to 
equalize the intensity of the light and compensate for the predominat- 
ing actinic effect of the violet and blue rays. The plate was developed 
in a metroquinone solution, cleared in potassium permanganate and 
reversed by re-development in the monomethyl-para-amidophenol sul- 
phate and hydroquinone. 

Six years ago the writer exhibited before the San Diego Society 
of Natural History several direct-color photographs of still life such 
as fruit, flowers, etc., but at'that time the process required an extremely 
long exposure through thick color filters, which made it impractical for 
landscape photography. One of the photographs shown at that time 
was a study of a few clusters of Tokay and Muscat grapes; this picture 
required an exposure of 40 minutes through the orange-red filter, and 
proportionate exposures when using the green and violet filters. 

In the Lumiere process the procedure is rendered very simple 
and the speed is only about two hundred per cent. greater than in 
ordinary photography. Through the courtesy of the brothers Lumiere 
the following outline of the process is given herewith: ‘‘Autochrom 
plates differ from ordinary plates as follows: Interposed between the 
sensitive coating and the glass is a thin layer of transparent misecropi- 
eal starch grains, dyed orange-red, green and violet, spread without 
overlapping, and mixed in such proportion that the layer appears col- 
orless when examined by transmitted light, and absorbs but a small 
percentage of the light received. The sensitive coating is extremely 
thin, and made of a special fine-grained panchromatic emulsion. When 
such a plate is exposed in the camera, the glass side towards the lens, 
the light, before reaching the sensitive coating, passes through the 
colored starch grains, which act individually as minute screens, each 
one absorbing all colors but its own. A microscopical selection takes 
place, and after development there is found under each grain a cor- 
responding black spot, reduced silver of a density proportionate to 
the amount of color received and transmitted by this particular grain. 
Were the plates fixed at this stage, the picture when examined by 
transmitted light, would show only the colors complementary to those 
in the original, since the true colors are masked by the black spots 
beneath the grains. But when the reduced silver is dissolved in the 
permanganate solution, the image is reversed: the opaque image under 
each grain becomes translucent and transmits colored light precisely 
of the same hue as the light transmitted by the grain when the plate 
was exposed in the camera: in other words the color is reconstructed 
just as it was decomposed during exposure.”’ 

While the bibliography of sphaerella nivalis includes the writings 
of the ancient Greek philosophers, Swiss geologists, arctic explorers, 
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geographers, and modern cryptogramic botanists, it should not be in- 
ferred that ‘‘red snow’’ is of common occurrence in alpine regions. 
In fact, there are not a few Alaskan explorers and mountaineers who 
have never encountered this phenomenon. Mr. Samuel B. Parish, 
one of the oldest botanists in the state of California writes that al- 
though he has botanized over the greater portion of the state he has 
not had the fortune to see sphaere/la nivalis. Mr. Frederic G. Plum- 
mer of the United States Forest Serviee and Geographer of the United 
States, says, ‘‘Although this phenomenon has often been reported by 
arctic explorers and I have seen it in the alpine regions of Washington 
and Oregon, it is the first time to my knowledge that it has been seen 
by a reliable observer as far south as central California. I would be 
glad to know if there is any reliable record that ‘red snow’ has been 
found in still lower altitudes.”’ 

In the third century before Christ, Aristotle mentions ‘‘red snow”’ 
in his ‘‘Meteorologies’’; Saussure in the eighteenth century hinted 
at its true cause, Sir John Ross, in his voyage of discovery in the 
arctic regions in 1819, mentioned finding deep banks of ‘‘red snow’’ 
on the eastern shores of Baffin’s Bay extending for miles; six years 
later Parry made detailed entry in his journal of observing large 
tracts of ‘‘red snow’’. In fact, the literature on the subject is quite 
extensive. Through the suggestion of Dr. Frederic V. Coville, botanist 
of the United States Department of Agriculture, Dr. Marshall A. Howe, 
of the New York Botanical Gardens, prepared for this article a com- 
plete bibliography of sphaerella nivalis as follows: 


Sphaerella nivalis (Bauer) Sommerfelt, Mag. for Naturv. 4: 249-253. 1824. 

Wille in Eng. & Prantl, Nat. Pflanzenfam. 17: 39. 18g0. 

———Chodat, Bull, Herb. Boiss. 4: 879.889, pl. 9. f. 1-24. 1896. 

Beitr. Kryptogamenfl. Schweiz 1°: 140, rgor. 

Hazen, Mem. Torrey Club 6: 235-238. 1899. 

--West, Brit. Freshwater Alg. 189. 1904. 

Uredo nivalis Bauer, Quart. Jour. Sci. & Arts 7: 225. p/. 6. 1819; Phil. 
Trans. 1820: 165-173. pl. 77. 1820. 

Protococcus nivalis Ag. Syst. Alg. 13. 1824; Icon. Alg. Eur. p/. 27. 1828. 

Palmella nivalis Hook. App. Parry’s Jour. Second Voyage 428. 1825. 

Coccochloris nivalis Spreng., pro parte, Syst. Veg. 4: 373. 1827. 

Coccophystum nivale Link, Handb. 3: 342. 1833. 

Haematococcus lacustris De-Toni. pro parte, Syll. Alg. 1: 552. 1889. 

Chlamydomonas nivalis Wille, Nyt. Mag. f. Naturvidenskab 41: 147. pi. 
3S. 44, 45+ pl. 4. f. 25. 1903; Eng. & Prantl, Nat. Pflanzenfam. I? 
(Nachtrage): 18. 1909. 
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